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Polyimides displaying low color in thin films, atomic oxy- 
gen resistance, vacuum ultraviolet radiation resistance, solu- 
bility in organic solvents in the imide form, high glass 
transition (T,) temperatures, and high thermal stability are 
provided. The poly(amide acid)s, copoly(amide acid)% poly- 
imides and copolyimides are prepared by the reaction of 
stoichiometric ratios of an aromatic dianhydride with 
diamines which contain phenylphosphine oxide groups in 
polar aprotic solvents. Controlled molecular weight oligo- 
meric (amide acid)s and imides can be prepared by offsetting 
the stoichiometry according to the Carothers equation using 
excess diamine and endcapping with aromatic anhydrides 
The polyimide materials can be processed into various 
material forms such as thin films, fibers, foams, threads, 
adhesive film, coatings, dry powders, and fiber coated 
prepreg, and uses include thin lilm membranes on antennas, 
second-surface mirrors, thermal optical coatings, and multi- 
layer thermal insulation (MU) blanket materials. 
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SPACE ENVIRONMENTALLY DURABLE 
POLYIMIDES AND COPOLYIMIDES 

CLAIM OF BENEFIT OF APPLICATION 

This application claims the benefit of U.S. provisional 
application Ser. No. 601292,262, filed May 17, 2001. 

ORIGIN OF INVENTION 

This invention was jointly made by employees of the 
United States Government and the National Research Coun- 
cil and may be manufactured and used by or for the 
Government for government purposes without payment of 
any royalties thereon or therefore. 

BACKGROUND OF THE INVENTION 

Thin films from relatively high molecular weight aromatic 
polyimides generally exhibit toughness, flexibility, solvent 
resistance, high glass transition temperatures (T,) and ther- 
mal stability. In many cases these materials, due to their 
aromatic structure exhibit good ultraviolet (UV) radiation 
resistance; however they also display significant color (D. 
Wilson, H. D. Stenzenberger and P. M. Hergenrother, 
“Polyimides”, Blackie and Son, Glasgow and London, 
1990). KaptonB polyimide film is a good example of the 
typical amber color exhibited by thin films. No commer- 
cially available polyimides are resistant to degradation by 
atomic oxygen exposure. The preparation of low color 
polyimides that are UV resistant has been reported (A. K. St. 
Clair, T. L. St. Clair and W. S. Slemp “Recent Advances in 
Polyimide Science and Technology, W. Weber and M. 
Gupta, eds., Society of Plastics Engineers, Poughkeepsie, 
N.Y. 1987, pp. 16-36; A. K. St. Clair and W. S. Slemp, 
SAMPE Technical Conference Proceedings, 23, 1991; U.S. 
Pat. Nos. 4,595,548 and 4,603,061 issued Jun. 17,1986 and 
Jul. 29, 1986, respectively to National Aeronautics and 
Space Administration). However none of these polyimides 
are resistant to atomic oxygen or oxygen plasma degrada- 
tion. 

Some reports detail the preparation of polyimides which 
contain phenylphosphine oxide units in the polymer back- 
bone (I. K. Varma, G. M. Fohlen and J. A. Parker, Journal 
of Macromolecular Science-Chemistry, A19(2), 209 (1983); 
I. K. Varma and B. S. Rao, Journal of Applied Polymer 
Science, 28,2805 (1983); I. K. Varma, G. M. Fohlen and J. 
A. Parker Journal of Polymer Science, Polymer Chemistry 
Edition, 28, 2017 (1983); P. M. Hergenrother and S. J. 
Havens, Journal of Polymer Science, Polymer Chemistry 
Edition, 27, 1161 (1987); U.S. Pat. No. 5,145,937 issued 
1 9 9 2  to  the Na t iona l  Aeronau t i c s  and Space 
Administration). Recent reports show that phosphine oxide 
containing poly(ary1ene ether)s exhibit atomic oxygen and 
oxygen plasma resistance [C. D. Smith, H. F. Webster, A. 
Gungor, J. P. Wightman and J. E. McGrath, High Perfor- 
mance Polymers, 3(4), 211 (1991); J. W. Connell, J. G. 
Smith, Jr. and P. M. Hergenrother, Journal of Fire Science, 
11, 137 (1993); J. G. Smith, Jr., J. W. Connell and P. M. 
Hergenrother, Polymer, 35,2834 (1994)l. This was extended 
to show that polyimides containing phosphine oxide groups 
were also atomic oxygen and oxygen plasma resistant [(J. W. 
Connell, J. G. Smith, Jr. and P. M. Hergenrother, Polymer, 
36, 5 (1995); J. W. Connell, J. G. Smith, Jr. and P. M. 
Hergenrother, Polymer, 36, 13 (19991. Other polyimides 
containing phosphine oxide groups have been reported [J. E. 
McGrath, H. Grubbs, M. E. Rogers, A. Gungor and W. A. 
Joseph, W E  Technical Conference Proceedings, 23,119 
(1991); J. M. Wescott, T. Toon, L. Kiefer and J. E. McGrath, 

2 
Polymer Preprints, 33(2), 235 (1992); Y. N. Lin, S. Joardar 
and J. E. McGrath, Polymer Preprints, 34(1), 515 (1993)l. 
However, in all of these reports, the polyimides containing 
phosphine oxide groups exhibited high color that ranged 

s kom orange to brown and consequently they exhibited poor 
optical transparency and relatively high solar absorptivities. 

The present invention constitutes new compositions of 
matter, which exhibit unique and unexpected combinations 
of properties. It concerns new diamines and dianhydrides 

10 that contain phenylphosphine oxide: groups and polyimides 
and copolyimides prepared therefrom. The polymers pre- 
pared from these aromatic diamines and aromatic dianhy- 
drides exhibit an unexpected combination of properties that 
include low color in thin film form (1-2 mils thick), low 

15 solar absorptivity, high optical transparency, atomic oxygen 
resistance, vacuum UV radiation resistance, solubility in 
organic solvents in the imide form, high T,, and high 
thermal stability. These compositions of matter are also 
useful as adhesives, coating, films, fibers, foams, moldings, 

20 powders, prepregs and composite matrices. 

SUMMARY OF THE INVENTION 

Polyimides with a unique, heretofore unprecedented com- 
25 bination of properties have been prepared and characterized. 

The combination of properties includes low color in thin 
films, atomic oxygen resistance, vacuum ultraviolet radia- 
tion resistance, solubility in organic solvents in the imide 
form, high glass transition (T,) temperatures and high ther- 

3o mal stability. These materials are based on aromatic 
diamines and aromatic dianhydrides that contain phe- 
nylphosphine oxide groups. Polyimides were prepared by 
reacting the compounds with appropriate aromatic mono- 
mers using a 1: l  stoichiometry. Poly(amide acid)s were 

35 prepared by reacting the monomers in polar aprotic solvents. 
The poly(amide acid) solutions were used to cast thin films 
and to prepare polyimides by heating the solution in the 
presence of an azeotropic agent or by treatment with a 
dehydrating agent and catalyst at room temperature. In some 
cases the polyimides were synthesized in m-cresol. Copoly 
(amide acid)s and copolyimides were prepared using these 
phenylphosphine oxide monomers as well. In many cases, 
soluble polyimides were obtained. The solubility of the 
materials in the imide form was dependent upon the polymer 

45 chemical structure. Thin films (1-2 mils thick) prepared by 
solution casting of amide acid or imide solutions exhibited 
very low color as evidenced by visual observation and 
measurement of solar absorptivity as well as high optical 
transparency (>85%). The polyimides exhibited Tp200O 
C. depending upon chemical structure. Due to their unique 
combination of properties, these polyimides are useful in a 
variety of applications on spacecraft in all orbits. Examples 
of the applications include thin film membranes on antennas, 
second-surface mirrors, thermal optical coatings, sunshades, 

55 various components of deployable spacecraft and multi- 
layer thermal insulation (MLI) blanket materials. They can 
be processed into various material forms such as thin films, 
fibers, foams, threads, adhesive film, coatings, dry powders, 
and fiber coated prepreg. 

DESCRIPTION OF THE PREFERRED 
EMBODIhlENTS 

60 

According to the present invention, the objects of the 
invention herein described can be obtained by synthesizing 

65 aromatic diamines (Equations I-VII) and aromatic dianhy- 
drides containing phenylphosphine oxide groups (Equations 
MI1 and IX), as further discussed in detail in this section. 
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The present invention concerns new compositions of matter 
comprised of aromatic diamines and aromatic dianhydrides 
containing phenylphosphine oxide groups and polyimides 
and copolyimides prepared therefrom. These polyimides 
exhibit a unique and unprecedented combination of proper- 
ties including low color in thin film form (1-2 mils thick), 
low solar absorptivity, high optical transparency, atomic 
oxygen resistance, vacuum ultraviolet ( W V )  radiation 
resistance, solubility in organic solvents in the imide form, 
high T s ,  and high thermal stability. This combination of 
properties makes these materials particularly useful in the 
fabrication of space durable spacecraft components such as 
multi-layer thermal insulation blankets (MLIs), thermal con- 
trol coatings, sewing threads, adhesive tape, tethers, optical 
lenses, protective films, insulating foams, molded parts, and 
fiber reinforced parts. 

The synthesis of the diamines and dianhydrides is a key 
feature of this invention. They are prepared from commer- 
cially available starting materials in two or more steps with 
relatively good yield and purity (Equations I-IX). The 
diamines and dianhydrides possess specific features that 
impart atomic oxygen resistance, low color, low solar 
absorptivity, high optical transparency, and solubility into 
the resulting polyimides and copolyimides. The diamines 
and dianhydrides are subsequently used to prepare poly 
(amide acid)s, polyimides and random copolyimides that 
have a particularly desirable combination of properties for 
applications on spacecraft. It should be understood that, in 
the context of the claims, the term “diamine-derived” when 
modifying the term “divalent radicays),” means divalent 
radicals derived from diamines according to the teachings 
disclosed herein, and the term “dianhydride-derived,” when 
modifying the term “tetravalent radical(s),” refers to tetrava- 
lent radicals derived from dianhydrides according to the 
teachings disclosed herein. The products derived therefrom 
include, but are not limited to, films, fibers, moldings, 
adhesives, composites, and foams. 

The diamine represented in Equation I gives particularly 
good results when used to prepare poly(amide acid)s, copoly 
(amide acid)s, polyimides and copolyimides. The poly 
(amide acid)s, copoly(amide acid)s, polyimides and copoly- 
imides are prepared by the reaction of stoichiometric ratios 
of an aromatic dianhydride with the diamines in polar 
aprotic solvents (Equation IX). Controlled molecular weight 
oligomeric (amide acid)s and imides can be prepared by 
offsetting the stoichiometry according to the Carothers equa- 
tion using excess diamine and endcapping with aromatic 
anhydrides. In an analogous fashion, copoly(amide acid)s 
and copolyimides were prepared by reacting the novel 
diamines with another diamine and a dianhydride and by 
reacting the diamines containing phenylphosphine oxide 
groups with two d8erent dianhydrides. 

Polyimides are prepared from the poly(amide acid) solu- 
tions by cyclodehydration using several techniques. For 
example, poly(amide acid) solutions can be heated in the 
presence of an azeotroping agent such as toluene using a 
moisture trap to remove water. The poly(amide acid) solu- 

4 
reactants approach can be utilized whereby the half alkyl 
ester of an aromatic dianhydride is reacted with the diamine 
containing phenylphosphine oxide groups. 

5 
The polymers were characterized for physical and 

mechanical properties in the form of amide acid solutions, 
imide powders and thin 6lms. Inherent viscosities ranged 
from 0.26 to 1.07 dL/g indicating medium to high molecular 

i o  weight. The T s  ranged from 203 to 251” C. These values are 
typical for aromatic polyimides. 

Thin films were cast from amide acid and/or imide 
solutions and thermally treated in a forced air oven to 
lmidlze and/or remove solvent. Most of the films were 
tough, creasable and exhibited low color. The color of the 
thin films (-1.5 mil thick) ranged from light yellow to 
colorless and were dependent upon chemical structure. The 

2o films exhibited room temperature tensile strengths and 
moduli from 79 to 113 MPa and 2.46 to 3.53 GPa, respec- 
tively. The elongations to break ranged from 3.1 to 9.7 with 
one example breaking at 40% elongation. These values are 
comparable to other aromatic polyimides. 

1 5 .  . .  

25 

Imidized thin film samples were measured for optical 
transparency using ultraviolet/visible spectroscopy. Most of 
the 6lms exhibited optical transparencies in excess of 85% 

3o at 500 nm. All films were clear to pale yellow in color 
depending on the chemical structure and to some degree on 
film thickness. The films exhibited low solar absorptivities 
(a) and relatively high thermal emissitivities (e). Solar 
absorptivities were measured on a Aztek Model LPSR-300 

35 spectroreflectometer with measurements taken between 250 
to 2800 nrn with a vapor deposited aluminum on KaptonQ 
as a reflective reference. An Aztek Temp 2000A Infrared 
reflectometer was used to measure the thermal emissivity. 

As previously described, the diamines and dianhydrides 
were used to prepare poly(amide acid)s, copoly(amide acid) 
s, polyimides and copolyimides. The poly(amide acid)s can 
be prepared by the reaction of stoichiometric ratios of an 

45 aromatic dianhydride with the diamines in polar aprotic 
solvents. Controlled molecular weight oligomeric (amide 
acid)s were prepared by offsetting the stoichiometry accord- 
ing to the Carothers equation using excess diamine and 
endcapping with aromatic anhydrides such as phthalic anhy- 

50 dride or phenylethynylphthtalic ahnydride. In an analogous 
fashion, copoly(amide acid)s can be prepared by reacting an 
aromatic diamine with two ditferent dianhydrides and by 
reacting the diamine containing phenylphosphine oxide 
groups and another diamine with a dianhydride. The poly- 

55 merization of monomeric reactants approach can be utilized 
whereby the half alkyl ester of an aromatic dianhydride is  
reacted with an aromatic diamine. Either or both of the 

tiOns can ah be treated with dehydrating agents such as 
pyridine and acetic anhydride at room temperature to effect 
imidization. Alternative synthetic routes to prepare the poly- 60 
imides described herein can be employed such as reacting 
he diamine and dianhydride in m-cresol containing iso- Novel aromatic diamines and dianhydrides containing a 
quinoline at elevated temperatures. They can be prepared by PhenYlPhosPhine oxide P U P  were according to 
reacting the half alkyl ester of an aromatic dianhydride with the reaction schemes depicted in Equations I-VI1 and 
the diamine containing phenylphosphine oxide groups by 6s WII-IX, respectively. The following equation (I) shows the 
melt polymerization or in solvents such as methanol or preparation of the diamine [2,4-bis(3-aminophenoxy) 
m-cresol. In addition, the polymerization of monomeric phenylldiphenylphosphine oxide (IAPPO), containing a 

reactants can contain phenylphosphine oxide groups. 
Copolyimides were prepared using the Same approach, 
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phenylphosphine oxide group according to the present 
invention: 

-continued 

The following Equation (111) shows the preparation of the 
15 diamine [2,4-bis(4-amino-3-trifluoromethylphenoxy) 

F phenylldiphenylphosphine oxide (3-AFPPO): 
0 I 

'F 
2 H0acF3 " 2  * 

30 

The following Equation (11) shows the preparation of the 
d iamine  [2,4-bis(4-aminophenoxy)phenyl] 
diphenylphosphine oxide (4-APPO): F3cD-0-Q0-Qs:* ([I) 35 HZN 

04y\f'h 
Ph 

The following Equation (IV) shows the preparation of 
bis(2-trifluorome thyl-4-aminophenoxy-4'-p heny1)phenyl 
phosphine oxide (WAF'O): 
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-continued 
n 

The following Equation (V) shows the preparation of the 
d iamine  
diphenylphosphine oxide (4,I-APPO): 

The following Equation (VI) shows the preparation of the 
[ 2 , 5 - b i s ( 4 -  aminop  hen o x  y ) p  he n y l ]  15 diamine [2,5-bis(2-trifluoromethyl-4-aminophenoxy) 

phenylldiphenylphosphine oxide (4,4‘-TFAPPO): 

(v) 

0 

10% Pd/C, [Hz] 
1.Mioxane * 
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-continued -continued 

I 
CF3 

The following Equation (MI) shows the preparation of the 
d ia m ine (2,6-d ia rn in 0- 4 - t r i fluoro me thy lp he n y 1)  
diphenylphosphine oxide (2,6-APPO): 

OZN+ CF3 + 
1 

30 CFI 
Toluene 

- ,  Nitrogen 
The following equation (VIII) shows the preparation of the 
dianhydride [2,5-bis(3,4-dicarboxylphenoxy)phenyl] 
diphenylphosphine oxide dianhydride (PPODA-1). 

(vmm 

CN NC CN 

0 

Acetic acid 
Acetic anhydride 

HOOC COOH 
0 
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The following Equation (IX) shows the preparation of the 
d i  a n h y d r  i d  e 4 ,4 ' -  b i s (  3,4 - d i  ca  r b o x y p he n o  x y)  
phenylphosphine oxide dianhydride (PPODA2): 

12 

These compounds were characterized using conventional 
techniques and were found to be consistent with the chemi- 
cal structures given. The compounds (monomers) were 35 
subsequently used to prepare a variety of poly(amide acid)s, 
copoly(amide acid)s, polyimides and copolyimides that 
exhibited a unique combination of properties including low 
solar absorptivity, high optical transparency and atomic 
oxygen resistance. The diamines were reacted with a variety 
of aromatic dianhydrides to prepare poly(amide acid)s and 
polyimides as depicted in Equation X. The molecular weight 
of the polymers can be controlled by adjusting the stoichi- 
ometry of the reactants. Likewise, the polymers can be 45 
endcapped with a mono-functional amine such as aniline or 
a mono-functional anhydride such as phthalic anhydride. 
Optionally, an endcapping agent that contains other func- 
tional groups such as 4-phenylethynyl phthalic anhydride 
may be used. Examples are given to embody each of these 50 
approaches. The following Equation (X) depicts the prepa- 
ration of poly(amide acid)s and polyimides from the 
diamines disclosed herein: 

23" C. Nz 
polar aprotic solvent 1 

55 

(x) 

60 

65 

continued 

Wherein Ar is represented by: 
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-continued 
14 

10 

15 

20 

CF3 

40 

Wherein Ar' can be any tetravalent radical. 

30 

Wherein Ar' can be any tetravalent radical, 

Wherein Ar" represents a mixture of Ar and X, 

35 Wherein Ar is represented by: 

Ph 

G - O - Q - O - a  

F 3 = - 7 Q J 7 a  

polyimides phthalic anhydride can also may be be prepared used. Copolfiamide by reacting one acid)s of and the 55 &-O+LQ-O-& 
b 

Likewise the diamines disclosed herein can be used to 
synthesize copoly(amide acid)s and copolyimides a s  repre- 
sented in Equation XI. The copolymers can be prepared by 45 

another diamine with one aromatic dianhydride. The 
reacting one of the novel diamines disclosed herein and 0:;'Ph 

molecular adjusting the weight stoichiometry of the copolymers of the reactants. can be Likewise, controlled the by 
polymers can be endcapped with a mono-functional amine 50 
such as aniline or a mono-functional anhydride such as 
phthalic anhydride. Optionally, an endcapping agent that 
contains other functional groups such as 4-phenylethynyl 

0;;'I'h 

diamines with two different dianhydrides as depicted in 
Equation XII. The molecular weight of the polymers can be 
controlled by adjusting the stoichiometry of the reactants. 
Likewise, the polymers can be endcapped with a mono- 
functional amine such as aniline or a mono-functional 60 
anhydride such as phthalic anhydride. Optionally, an end- 
capping agent that contains other functional groups such as 
4-phenylethynyl phthalic anhydride may be used. Examples 
are given to embody each of these approaches. Equation 
(XI) shows the preparation of copoly(amide acid)s and 65 
copolyimides using one of the diamines disclosed herein and 
another diamine: 
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-continued And wherein Ar is represented by: 

I 
' 3 3  

20 

Wherein X can be any divalent radical, 
Wherein the molar ratio of Ar to X can range from approxi- 
mately 1 to 99, 
And wherein the number average molecular weight approxi- 
mately ranges from 700 g/mole to 100,ooO g/mole. 
The following equation (XII) depicts the preparation of 
copoly(amide acid)s and copolyimides using one of the 

25 

diamines disclosed herein and two dianhydrides 30 

23°C. Nz 
polar aprotic solvent I 40 

45 

50 

Ph 

CF3 

Q-i-0  Q 
6F3 

The aromatic dianhydrides disclosed herein were synthe- 
sized according to the chemical equations presented in 

55 Equations VI11 and IX. They were subsequently used to 
prepare poly(amide acid& and polyimides as depicted in 
Equation XIII. It should be noted that these two dianhy- 
drides were also reacted with the aromatic diamines dis- 
closed herein. The molecular weight of the polymers can be 

fio controlled bv adiusting the stoichiometrv of the reactants. 
Wherein Ar"' represents a mixture of Ar' and Z, 
Wherein Ar' can be any tetravalent radical, 

, ,  v .. 

Likewise. the uolvniers can be endcauued with a mono- 
I I ,  .& ~~ 

Wherein Z can be any tetravalent radical dzerent from A', 
Wherein the number average molecular weight approxi- 
mately ranges from 700 g/mole to 100,OOO &mole, 

functional amine such as a d i n e  Of a mOIlO-functiOnal 
anhydride such as phthalic anhydride. Optionally, an end- 
capping agent that contains other functional groups such as  

65 4-uhenvlethvnvl phthalic anhydride may be used. Examples . , . - *  

Wherein the molar ratio of Ar' to Z can range approximately 
from 1 to 99, 

are given to embody each of ihese approaches. The follow- 
ing equation (XIII) depicts the preparation of poly(amide 



17 
acid)s and polyimides using the dianhydrides 
herein and a diamine: 
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-continued disclosed 

polar aprotic I solvent N2 

15 

S 

10 

o d  

j -+ 
0 0  

Wherein Ar"" is represented by: 

Wherein Y can be any divalent radical 
As was the case with the diamines, the novel dianhydrides 
can be used to make copoly(amide acid)s and copolyimides 
as depicted in equation (XIV): 

polar aprotic solvent 1 Nz 

Wherein Ar"" is represented by: 
20 

2s 

30 

3s 

40 Wherein W is a mixture of X and V, 
Wherein X can be any divalent radical, 
Wherein V can be any divalent radical different from X, 
Wherein the ration of X to V approximately ranges from 
1-99; 

45 And wherein the number average molecular weight approxi- 
mately ranges from 700 &mole lo 100,OOO &mole. 

The molecular weight of the polymers can be controlled 
by adjusting the stoichiometry of the reactants. Likewise, the 
polymers can be endcapped with a mono-functional amine 

so such a s  aniline or a mono-functional anhydride such as 
phthalic anhydride. Optionally, an endcapping agent that 
contains other functional groups such as 4-phenylethynyl 
phthalic anhydride may be used. Examples are given to 
embody each of these approaches. In an analogous fashion, 

55 copoly(amide acid)s and copolyimides can be prepared 
using a combination of one or both of the novel dianhydrides 
disclosed herein and another dianhydride and any diamine. 
This is an obvious extension of the embodiments discussed 
above and no examples are offered. 

The diamines and dianhydrides disclosed herein impart 
uniqve and unexpected properties into poly(amide acid)s 
and polyimides prepared from them. The poly(amide acid)s 
were prepared by the reaction of stoichiometric ratios of an 
aromatic dianhydride with one of the novel diamines in 

65 polar aprotic solvents. Controlled molecular weight oligo- 
meric (amide acid)s can be prepared by oEketting the 
stoichiometry according to the Carothers equation using 

60 
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excess diamine and endcapping with a mono-functional 
anhydride such as phthalic anhydride. Alternatively, the 
mono-functional anhydride may contain other functional- 
ities. One example given uses 4-phenylethynyl phthalic 
anhydride as an endcapping agent. Polyimides can be pre- 
pared from the poly(amide acid) solutions by cyclodehydra- 
tion using several techniques. For example, poly(amide 
acid) solutions can be heated in the presence of an azeotro- 
ping agent such as toulene using a moisture trap to remove 
water. The poly(amide acid) solutions are also treated with 
dehydrating agents such as pyridine and acetic anhydride at 
room temperature to effect imidization. Additional alterna- 
tive synthetic routes to prepare the polyimides described 
herein can be employed such as reacting the diamine and 
dianhydride in m-cresol containing isoquinoline at elevated 
temperatures. In some of the examples disclosed herein, this 
route was used. Polyimides can also be prepared by reacting 
the half alkyl ester of an aromatic dianhydride with the 
diamine containing phenylphosphine oxide groups by melt 
polymerization or in solvents such as methanol or m-cresol. 
In addition, the polymerization of monomeric reactants 
approach can be utilized whereby the half alkyl ester of an 
aromatic dianhydride is  reacted with the diamine containing 
phenylphosphine oxide groups. 

Polymer characterization is presented in Table 1 and 
copolymer characterization is presented in Table 2. The 
inherent viscosities were determined on 0.5% solutions of 
the poly(amide acid)s in NMP at 25" C. They ranged from 
0.26 to 1.07 dL/g indicating moderate to high molecular 
weight polymers. The T 2  were determined on imidized thin 
films by differential scanning calorimetry at a heating rate of 
20" CJmin. The T 2  ranged from 203 to 251" C. These 
values are typical for aromatic polyimides. 

TABLE 1 

Polvmer Characterization 

Enample 'lm, d W  T8, ' C.b 

10 0.66 230 
11 1.01 212 
12 0.81 227 
13 0.53 251 
14 0.97 234 
32 0.49 230 

TABLE 2 

Copolvmer characterization, 75% 3-APPO, 2S% cc-diamine. 

Example dug' T8, ' C? 

15 1.07 203 
16 0.66 216 
17 0.57 218 
18 0.57 220 
19 0.73 222 
20 0.53 224 
21 0.39 226 
22 0.46 227 
23 0.34 233 
24 0.42 234 
2S 0.58 234 
26 0.49 237 
27 0.57 238 
28 0.39 238 
29 0.26 7-40 
30 0.28 246 
31 0.48 249 

Thin films were cast from amide acid and/or imide 
solutions and thermally treated in a forced air oven to 

5 

10 

1s 

20 

25 

30 

3s  

40 

45 

50 
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20 
imidize and for solvent removal. All films were tough, 
creasable, and exhibited low color. The color of the thin 
films (-1.5 mil thick) ranged from light yellow to colorless 
and were dependent upon the dianhydride. Thin film 
mechanical properties are presented in Tables 3 and 4. The 
films exhibited room temperature tensile strengths and 
moduli from 79 to 113 MPa and 2.46 to 3.53 GPa, respec- 
tively. The elongations at break ranged from 3.1 to 40%. 
These values are comparable to other aromatic polyimides. 

TABLE 3 

Room Temperature Thin Film 

Tensile Properties for Homopolymers 

Tensile Strength, Tensile Elongation 

Example MPa Modulus, GPa @break, % 

10 87 

11 97 

12 82 

2.87 3.3 

2.83 4.7 

2.46 40.0 

TABLE 4 

Room Temperature Thin Film Tensile 
Propelties for Cooolvmers. 75% 3-APPO. 25% codiamine. 

Tensile Tensile 
Example Strength, YPa Modulus, GPa Elongation @ break, % 

15 97 3.11 5.0 
16 105 2.19 7.9 
17 101 3.23 6.3 
18 104 2.95 6.6 
19 99 3.29 9.5 
20 101 3.40 4.1 
21 113 3.25 8.7 
22 108 2 9 8  6.2 
24 108 3.18 4.9 
25 92 2.89 4.3 
26 90 3.05 9.6 
27 94 2.77 5.0 
28 88 2.69 4.3 
29 102 3.53 9.7 
30 90 3.50 3.9 
31 79 3.24 3.1 

Imidized thin film samples were measured for optical 
transparency using ultraviolethisible spectroscopy. The 
results are presented in Tables 5 and 6. Most of the films 
exhibited optical transparencies in excess of 85%. AU of 
these films were colorless to yellow in color depending to 
some degree on film thickness. 

TABLE 5 

%tical Transparency of Polvimide Films at 500 nm. 

Example Tlickness, in Transparency, I 

10 0.0017 81 
11 0.0016 85 
12 0.0020 85 
14 0.0024 76 
32 0.0025 80 
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strong magnetic field. Ions are accelerated from the plasma 
and neutralized. The neutralization technique provides a 
direct measurement of the A 0  flux that in many other 
systems is not directly known. Under standard operating 

5 conditions, the system is capable of producing an A 0  flux of 
Example Thickness, in Transparency, % 10l6 atoms/cm2/sec for accelerated testing. The ABOF sys- 

I5  0.0012 83 tern produces A 0  atoms with 5 eV energy. UT testing was 
16 0.0014 80 conducted at the NASA Goddard Space Flight Center Ther- 
17 0.0008 88 mal Engineering Branch with the Multisedes Vacuum Sys- 
19 0.0011 82 lo tern. The system consists of two sorption pumps, a sputter- 
20 0.0015 86 ion pump, and a sample chamber with 16 testing positions. 
21 0.0021 87 An AZ Technology LPRS-200 was used to perform the 

pre-vacuum and post-vacuum reflectance measurements and 
24 0.0013 88 15 solar absorptance calculations. The solar absorptance was 
25 0.0021 87 calculated in accordance with ASTM E903-82. The LPSR 

measures the reflectance from 250 to 2500 om of the sample 
28 0.0010 89 surface at a 15" angle of incidence. The Geir-Dunkle 
29 0.0014 80 DB-100 Infrared Reflectometer was used to measure the 

20 normal emittance of the surface from 5 to 40,m..The results 
fiom this test are presented in Tables 9 and 10, respectively. 
It is obvious from the data in Tables 9 and 10 that the film 

changes in a, and weight loss as a 

TABLE 6 

75% 3-AWO. 25% co-dish at 500 nm. 
Optical Transparency of Copolymers, 

I8 0.0013 85 

22 0.0014 81 
23 0.0008 89 

26 0.0011 85 
27 0.0016 88 

30 0.0013 85 
31 0.0015 86 

The thin films were also characterized for thermal and 

a Aztek Model LPSR-300 spectroreflectometer with mea- 
Optical PrO~rties' (a) were On consequence of A0 and UV exposure. For comparative 

surements taken bemeen 250 to 2800 and dimensions Of a vapor 25 P ~ O S e s  a film Of 

deposited aluminum on &pton@ as a reflective reference. " was simultaneo'Jsb'- The GPton@ 
& h e k  Temp 2 0 ~ ) ~  Infrared reflectometer was to 
measure the thermal emissivity (E). An a of less than 0.10 at 
a thickness level of 0.0010-0.0025 in is exceptionally good. 
The data for the homopolymers and copolymers is presented 30 
in Tables 7 and 8, respectively. 

HN film exhibited an erosion of ~ . O X I O - ~  cm after exposure 
to a fluence of only 7 . 5 ~ 1 0 ~ ~  A 0  cm-'. 

TABLE 9 

Effect of fast A 0  exposure of 
golvimide/silver film (Examole 10) TABLE 7 

Exposure a E Erosion, cm 
Solar absorptivities and thermal 35 

emissitivities of homowlvimide films None 0.187 0.74 0 
1.71 x loM AO/cm2 0.221 0.74 4.1 10-4 

Ihickness, 2.0 x I O M  AO/cm2 0.218 0.73 3.2 x 10-4 
Example a E in 2.13 x IOm AO/cm2 0.227 0.74 5.0 10'~ 

40 10 0.051 0.547 0.0017 
11 0.055 0.56 0.0016 
12 0.091 0.683 0.0020 
13 
14 0.096 0.620 0.0024 
32 0.063 0.575 0.0025 

TABLE 10 - - - 
Effect of UV exposure of 

polvimidejsilver tilm (Example 10) 

Exposure a € A a  

500 ESH 0.205 0.822 0.025 
Solar absorptivities and thermal 1000 ESH 0.202 0.817 0.018 

45 

TABLE 8 None 0.184 0.820 0 

50 emissitivities of copolvimide Iilms 

In another test, thin films of several polyimides were 
exposed to atomic oxygen in a plasma generated beam 

16 0.068 0.596 0.0014 system. The effect of various exposures on weight loss and 
55 optical transparency at 600 nm were monitored. The films 

24 0.059 0.587 0.0013 were all of comparable thickness and dimensions. The 
31 0.057 0.531 0.0015 results are presented in Table 11. CP-1 is a commercially 

a v a i l a b l e  p o l y i m i d e  d e r i v e d  f r o m  4 , 4 ' -  
Thin film (-0.001 thick) was subjected to several atomic perfluoroisopropylidene dianhydride and 2,2-bis(4-(4- 

oxygen exposure tests. The first was performed as follows: 60 aminophenoxy)phenyl)hexafluoropropane. Thus it is of 
Thin film obtained from the polyimide described in Example similar chemical structure to the polyimide of Example 10, 
10 was sputter coated with silver/inconel prior to exposing but it contains no phosphine oxide groups. Kapton@HN is 
the film to A 0  and UV. A 0  testing was conducted at the an aromatic polyimide derived from 4,4-oxydianiline and 
NASA Marshall Space Flight Center in the Atomic Oxygen pyromellitic dianhydride, it does not contain fluorine or 
Beam Facility (ABOF). The ABOF system produces A 0  by 65 phosphorus. The optical transparencies of the three materials 
exciting an oxygen plasma using microwaves at 2.45 GHz prior to exposure were Example 10 (go%), CP-1(88%) and 
and is confined to the center of the plasma chamber using a Kapton@HN (69%). 

Thickness, 
Example a E in 

17 0.058 0.380 O.OM)8 
20 0.070 0.643 0.0015 
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TABLE 11 

Effect of A 0  exposure on weight loss 
and optical transparency 

A 0  Exposure, Transparency at 600 
Sample A0:cm' Weight loss, g nm, % 

Example 10 
CP-1 
Kapton @HN 
Example 10 
CP-I 

Example 10 
CP-1 
Kaptoo @HN 

Kapton @HN 

5.0 1019 

5.0 10'~ 
5.0 x 1019 
1.5 x 1020 
1.5 x lozo 
1.5 x 1020 
2.5 x lozo 
2.5 x 10'' 
2.5 x 1020 

0.0001 
0.0010 
0.0010 
0.00050 
0.0035 
0.0035 
0.00080 
0.0065 
0.0070 

90 
88 
70 
86 
70 
58 
80 
35 
35 

The results presented in Table 11 further illustrate the 
exceptional A 0  resistance of the polyimides described 
herein. The film from Example 10 exhibits an order of 
magnitude reduction in weight loss and superior retention of 
optical transparency compared to similar polyimides. The 
results described herein detail the preparation of aromatic 
diamines and dianhydrides and polyimides therefrom that 
exhibit a low solar absorptivity, high optical transparency 
and exceptional stability to ultraviolet radiation and atomic 
oxygen. The unique combination of properties exhibited by 
the polyimides described herein are not found in any other 
known polyimide or copolyimide. 

EXAMPLES 
Having generally described the invention, a more com- 

plete understanding thereof can be obtained by reference to 
the following examples that are provided for purposes of 
illustration only and do not limit the invention. 

Example 1 

Preparation of [2,4-bis(3-aminophenoxy)phenyl] 
diphenylphosphine oxide (3-APPO) 

Step 1 

Preparation of 2,4-difluorophenyldiphenylphosphine 
oxide 

t 

E 
I 1. Me.THF 

2. H30t 

F 
F 
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24 
drying tube was placed predried magnesium turnings (13.5 
g, 0.55 mol) and dry tetrahydrofuran (THF, 50 mL). The 
mixture was cooled to -5' C. using an icehater bath. A 
solution of l-bromo-2,4-difluorobenzene (107.2 g, 0.55 mol, 
20% molar excess) in THF (200 mL) was placed in the 
pressure equalizing addition funnel and added dropwise over 
a 1.5 hour period. The mixture was allowed to warm to room 
temperature. The mixture was stirred at room temperature 
for 3 hours and the flask was subsequently placed in the 
ice/water bath to cool the solution to -5" C. A solution of 
diphenylphosphinic chloride (107.9,0.46 mol) in THF (100 
mL) was added dropwise over a 1 hour period. The reaction 
mixture was allowed to warm to room temperature and was 
stirred under nitrogen for 15 hours. The resultant brown 
solution was poured into a mixture of concentrated ammo- 
nium chloride solution (700 mL) to give two layers. The 
organic layer was extracted successively with water, 5% 
aqueous sodium bicarbonate, and water and subsequently 
dried over magnesium sulfate. The THF was removed via 
rotoevaporation to give a dark red viscous liquid, 142.8 g, 
98% crude yield. The viscous liquid was vacuum distilled 
(product distilled between 178-181" C.) and a yellow semi- 
solid was collected (118.6 g, 81% yield). The material was 
dissolved in 120 mL of hot toluene, treated which charcoal, 
and filtered while hot through Celite. To the toluene solution 
was added 120 mL of hexanes. The solution was allowed to 
cool, with stirring, overnight. A white crystalline material 
was collected via filtration (100.9 g, 69% yield). The solid 
exhibited a melting point of 111.1-112.3" C. as determined 
by differential scanning calorimetry (DSC) at 10" C./min. 
Anal. Calcd. for C,,H,,F,OP C, 68.79%; H, 4.17%; F, 
12.09%; P,9.86%. Found: C, 68.38%; H, 4.26%; F, 11.17%; 
P, 10.28%. Mass spectroscopic analysis: M+413.2 
[C,OH,3F6OP+I~ 

Step 2 

Preparation of [2,4-b~.(3-aminophenoxy)phenyl] 
diphenylphosphine oxide (3-APPO) 

F 

- 
KZc03 

Into a 1L three neck round bottomed flask equipped with 
a mechanical stirrer, thermometer, nitrogen gas inlet, pres- 
sure equalizing addiiion funnel, and reflux condenser with 

2,4-difluorophenyldiphenylphosphine oxide was prepared 
as described in Step 1 of Example 1. Into a 500 mL three 
neck round bottom flask equipped with a mechanical stirrer, 
thermometer and a Dean-Stark trap equipped with a drying 
tube was placed 2,4d~uorophenyldiphenylphosphine oxide 
(39.50 g, 0.1257 mole), 3-aminophenol (28.80 g, 0.2639 
mol), potassium carbonate (45.58 g, 0.3298 mol), N-methyl- 
2-pyrolidinone NMP, 200 mL) and toluene (115 mL). The 
mixture was heated to 170' C. while removing water via 
azeotropic distillation. After 16 hours, the toluene was 
removed from the reaction and the resulting solution was 
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heated at 170" C. for 4 hours. The reaction mixture was 
cooled to room temperature and then poured into 1 L of 5% 
acetic acid (as> with vigorous stirring. A tan solid formed 

Example 3 

Prcparation of [2,4-bis(3-trifluoromethyl-4- 
~ ~ ~ n o p ~ e n o ~ ~ ) p ~ e n y ~ ] d ~ p ~ e n y ~ ~ ~ ~ ~ ~ ~ ~  oxide (3- 

AFPPO) , 5  

F 

after stirring for 45 minutes. The crude tan solid was 
collected via filtration, washed with excess water, and dried 
in an oven at 110" C. to give 59.11 g (95% crude yield). The 
solid exhibited a melting point of 179.7-187.6' C. The solid 
was recrystallized twice from ethanol with charcoal treat- 
ment to yield 37 g (60% yield) of a light tan solid. The solid 
exhibited a melting point of 195.2-196.5' C. as determined 
by DSC at a heating rate of 10" C./min. Anal. Calcd. for: 
C,,H,,N,O,P: C, 73.16%; H, 5.12%; N, 5.69%; P, 6.29%. 
Found: C, 72.85%; H, 5.00%; N, 5.69%; P, 6.22%. Mass 
spectroscopic analysis: M+492 [C3,HUN20,P+] 

Example 2 

Preparation of [2,4-bis(4-amioophenoxy)phenyl] 
diphenylphosphine oxide (4-APPO) 

Ph 

Into a 500 mL three neck round bottom flask equipped 
with a mechanical stirrer, thermometer and a Deanatark 
trap equipped with a drying tube was placed 2,4- 
ddluorophenyldiphenylphosphine oxide (12.00 g, 0.0382 
mole), 4-aminophenol (8.6673 g, 0.0794 mol), potassium 
carbonate (13.1682 g, 0.0953 mol), NMP (85 mL) and 
toluene (25 mL). The mixture was heated to 135' C. while 
removing water via azeotropic distillation. After 16 hours, 
the toluene was removed from the reaction and the resulting 
solution was heated at 165" C. for 4 hours. The reaction 
mixture was cooled to room temperature and then poured 
into 1 L of 5% acetic acid (aq) with vigorous stirring. A tan 
solid formed after stirring for 45 minutes. The crude tan 
solid was collected via filtration, washed with excess water, 
and dried in an oven at 110" C. to give 16.76 g (89% crude 
y i e ld ) .  T h e  so l id  w a s  r e c r y s t a l l i z e d  f r o m  a 
dimethylacetamidebater solution (3: 1) and light tan needles 
were obtained. The solid exhibited a melting point of 
271.5274.7' C. as determined by DSC at a heating rate of 
10" C./min. Mass spectroscopic analysis: M+492 
[ C ~ O H S N & % ~ ]  

2,4-difluorophenyldiphenylphosphine oxide was prepared 
as described in Step 1 of Example 1. Into a 100 mL three 
neck round bottom flask equipped with a mechanical stirrer, 

2s thermometer and a Dean-Stark trap equipped with a drying 
tube was placed 2,4difluorophenyldiphenylphosphine oxide 
(7.1654 g, 0.0228 mole), 4-amino-3-trifluromethylphenol 
(8.52 g, 0.0481 mol), potassium carbonate (8.27 g, 0.0598 
mol), NMP (35 mL) and toluene (15 mL). ?he mixture was 

3o heated to 135" C. while removing water via azeotropic 
distillation. After 16 hours, the toluene was removed from 
the reaction and the resulting solution was heated at 170" C. 
for 4 hours. The reaction mixture was cooled to room 
temperature and then poured into 300 mL of 5% acetic acid 
(aq) with vigorous stirring. A brown gummy material 

35 formed. This material was stirred in warm water, the water 
decanted, and fresh water added. This process was repeated 
two more times. A dark b r o d g r e y  solid was eventually 
obtained. No melting point was observed using DSC. 

Example 4 

Preparation of Bis(2-trdluoromethyl-4- 
aminophenoxy-4'-phenyl)phenyl phosphine oxide 

Step 1 

Bis(4-methoxypheny1)phenyl phosphine oxide 

40 

(CWAFQ) 

45 

0 
II 

50 I 
Cl-P-a + 

60 

To a 2000 mL three necked round bottom flask equipped 
with a nitrogen inlet, mechanical stirrer and drying tube was 

65 charged magnesium turnings (23.00 g, 0.9463 mol). The 
magnesium turnings were heated and dried under nitrogen. 
Once cooled to room temperature, 800 mL THF was added 
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and the mixture cooled to 0-5" C. Bromoanisole (177 g, glacial acetic acid mixture was added to stirred distilled 
0.9463 mol) was added dropwise to the stirred mixture over water at room temperature to afford a light pink solid. The 
a three hour period. The mixture was then allowed to warn crude solid was washed several times in water and dried at 
to room temperature over -16 hrs to afford a gray cloudy -105" c. to afford 46.4 g ( 4 5 %  yield), The was 
solution. The solution W a s  then cooled to 0-5" c. and 5 dissolved in ethanol, treated with activated charcoal, and 
PhenYlPhosPhinic dichloride (92.26 g, 0.4732 mol) was filtered through Celite 545. Distilled water was added to the 
d d e d  dOPWis. The solution t u m d  a dark green color and stirred warm solution until a 50% aqueous ethanol solution 
was allowed to warm to room temperature over 16 hours. was obtained. ne mkture was then allowed to cool to 
Aqueous Sulfuric acid (-30 250 mLwater) was added ambient temperature. The product was recovered by filtra- 
to the stirred solution. The mixture turned a yellow color and 1o tion and dried under VaCUM at 500 c.  his recrystallization 
separated. Water (-600 mL) Was  then added and the mixture procedure was repeated an additional time to afford 22.66 g 
transferred to a %Paratory fumd  The organic layer was (41% yield) of a white solid, DSC (heating rate of 10' 
removed and the aqueous layer washed with THF/diethyl c. /mh) exothem at 157" C, with sharp peaks at 227 and 
ether. This W a s  repeated three times and the Organic layer 233" C. [literature 233-234" C. (A. E. Senear, W. Valent, and 
and washings combined. The organic layer was washed J. wir thj .  0%. chm. 25, 2001, 1960.)] 
three hmes with a sodium bicarbonate solution (-25 g in 250 15 
mlwater) and then three times with water. The organic layer 
was then dried over magnesium sulfate. The magnesium 
sulfate was removed by filtration. 'Ihe THF/diethyl ether 
was removed via a rotoevaporator to afford a yellow oil 
(87.23 g, 55% yield). Attempts to crystallize the material 

Step 3 

B 4 2 -  trifluorome thyl-4-nitrophenoxy-4'-phenyl) 
phenyl phosphine oxide 

35 
were unsuccessful thus it was used as is in the preparation 
of bis(4-hydroxypheny1)henyl phosphine oxide. 

Step 2 

Bis(4-hydroxypheny1)phenyl phosphine oxide 

To a 250 mL three necked round bottom flask equipped 
with a nitrogen inlet, mechanical stirrer, and drying tube was 
charged bis(4-hydroxypheny1)phenyl phosphine oxide 
(8 .3530  g ,  0 .0269  mol) ,  3 - t r i f l uo romethy l -4 -  

4o chloronitrobenzene (12.1454 g, 0.0538 mol), potassium 
fluoride (4.2 g, 0.0723 mol) and sulfolane (51.44 g). The 
mixture was heated under a nitrogen atmosphere at 
-130-50" C. for -16 hr and at -195" C. for about two hours. 
The mixture was cooled and added to stirred water to afford 
a tacky solid. The water was decanted and the tacky solid 

45 washed three times in hot water to afford 17.5 g (94%) of an Ih eoH amorphous yellow powder. The solid was taken up in 
ethanol, charcoaled, and filtered through Celite 545. The 
solution was added to stirred water to afford a light green 
solid. The solid was dried at 35" C. under vacuum to afford 

50 14.70 g (79%) of an amorphous solid. 

HBI 
AcOH 

A mixture of bis(4-methoxypheny1)phenyl phosphine 
oxide (59.83 g, 0.1768 mol), 48% hydrobromic acid (400 
ml, 3.536 mol), and glacial acetic acid (215 ml) was reRuxed 
for 24 hrs. As the solution cooled to room temperature, the 
crude product remained in solution. The hydrobromic acid/ 

Step 4 

Bis(2-trifluorome thyl-4-aminop henoxy-4'-phenyl) 
phenyl phosphine oxide (TFAPO) 
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To a 500 mL three necked round bottom flask equipped with 
a nitrogen inlet, mechanical stirrer, and condenser was 
charged bis(2-trifluoromethyl-4-nitrophenoxy-4'-phenyl) 
phenyl phosphine oxide (7.5130 g, 0.0109 mol), 10% pal- 
ladium on carbon (1.7760 g) and 200 mL of ethanol. To the 
stirred solution was added ammonium formate (9.5348 g, 
0.1512 mol) in several portions. The mixture was stirred at 
ambient temperature for -20 hrs and heated at reflux for an 
additional four hours. The mixture was cooled and the 
catalyst removed by filtration to atford a colorless filtrate. 
The filtrate was added dropwise to stirred water to afford a 
white powder. The powder was recovered and air-dried at 
ambient temperature to afford 5.54 g of an amorphous 
powder. The powder was taken up in ethanol, charcoaled and 
the product reprecipitated io water. 

Example 5 

Preparation of [2,5-bis(4-aminophenoxy)phenyl] 
diphenylphosphine oxide (4,4'-APPO) 

Step 1 

Preparation of 2,5-dihydroxydiphenylphosphine 
oxide 

Toluene 
o=(=J=o TE-- 

0 

- O a O H  

Into a flame dried 2 L three neck round bottomed flask 
equipped with a mechanical stirrer, nitrogen gas inlet, pres- 
sure equalizing addition funnel, and drying tube was charged 
p-benzoquinone (30.16 g, 0.2790 mol) and toluene (750 
mL). Once dissolved, diphenylphosphine oxide (56.42 g, 
0.2790 mol) in toluene (250 mL) was added dropwise over 
a half hour to the stirred solution at room temperature under 
nitrogen. The solution color changed from a dark brown to 
yellow with the formation of a gum. Upon further stirring, 
a grey colored solid formed. The solid was isolated, washed 
with toluene and diethyl ether, and dried at 110" C. in 
flowing air to afford 74.0 g (85% crude yield) of an off white 
solid. The solid exhibited a broad endothermic peak at 208" 
C. as determined by differential scanning calorimetry (DSC) 
at a heating rate of 10" C./min. Recrystallization from 
ethanol afforded a white solid (62.86 g, 73% yield) exhib- 
iting a sharp endothermic peak at 212.48' C. by DSC. [rnp 

30 
214-215" C., J. M. Brown and S. Woodward, J. Org. Chem., 
1991, 56, 68031. 

5 
Step 2 

10 Preparation of [2,5-bis(4-nitrophenoxy)phenyl] 
diphenylphosphine oxide 

n 

30 

35 

Into a 1 L three neck round bottom flask equipped with a 
mechanical stirrer, nitrogen inlet, and a Dean-Stark trap was 
placed 2,5-dihydroxydiphenylphosphioe oxide (27.62 g, 
0.0890 mol), l-chloro-4-nitrobenzene (28.05 g, 0.1780 
mol), potassium carbonate (28.00 g, 0.2026 mol), N,N- 
dimethylacetamide (DMAc, 150 mL) and toluene (130 mL). 

45 The mixture was heated to a gentle reflux while removing 
water via azeotropic distillation. After -4 hours, the toluene 
was removed from the reaction and the resultant solution 
heated at -165" C. for -16 hours. The reaction mixture was 

5o cooled to room temperature and then poured into water with 
vigorous stimng to afford a light brown solid. I h e  crude 
solid was collected via filtration, washed twice with hot 
water, and air dried in an oven at 110" C. to afford 47.6 g 
(97% crude yield). The solid exhibited a broad endothermic 

55 peak at 232.9" C. as determined by differential scanning 
calorimetry (DSC) at a heating rate of 10' C./min. Recrys- 
tallization from ethoxyethanol afforded a yellow solid 
(39.21 g, 80% yield) exhibiting a sharp endothermic peak at 

60 234.31" C. by DSC. 'H NMR (DMSO-d6)6: 6.8 (lH, d), 7.3 
(1.5H. m), 7.5 (4H, m), 7.7 (2H, m), 8.05 (la d), 8.3 (lH, 
d). 13C (DMSO-d,) ppm: 117.705, 118.186, 125.652, 
126.325, 126.516, 126.820, 128.646, 128.808, 130.993, 

65 131.296, 131.432, 132.107, 132.144, 132.410, 142.638, 
142.903, 151.402, 151.577, 152.194, 152.226, 161.091, 
162.177. 
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Step 3 -continued 
0 

Preparation of [2J-bis(4-aminophenoxy)phenyl] 
diphenylphosphine oxide (4,4'-APPO) 

5 

02.u 
10% PdlC, F 2 1  

1,4-dioxane * 

CF3 
OZN 

10 

Into a 250 mL three neck round bottom flask equipped 
15 with a mechanical stirrer, nitrogen inlet, and a Deanatark 

trap was placed 2,5-dihydroxydiphenylphosphine oxide 
(4.8162 g, 0.0155 mol), potassium carbonate (7.0186 g, 
0.0508 mol), N,Ndimethylacetamide (DMAc, 30 mL) and 
toluene (80 mL). The mixture was heated to a gentle reflux 

20 while removing water via azeotropic distillation. After -4 
hours, the toluene was removed and the mixture cooled to 
room temperature. 2-Chloro-5-nitrobenzotrifluoride (5.6965 
g, 0.0412 mol) was added as a powder to the stirred mixture. 
Heating was continued at -90' C. under nitrogen for -16 

(5.4 g, 0.0098 was cooled to room temperature and poured into water with 
was warmed to effect dissolution with subsequent cooling to vigorous stirring to afford a brown solid. ne crude solid was 
~ 0 o m  temperature which 10?Zo (0.59 9) was collected via liltration, washed with water, and air dried at 
added. The mixture was degassed prior to the introduction of mom temperamre to afford 7.92 (74% crude yield). ne 
atmosphere for -24 hours at room temperature. After degas- 
hydrogen gas. The mixture was agitated under a hydrogen 30 solid exhibited no melting point 

tial 
3s determined by differen- 

(DSC) at a heathg rate of 100 
sing the solution, the Pd/C was removed by filtration and the C./min, The solid was recrystallized from aqueous ethanol. 
solution added to stirred water to afford an off white solid. N~ 
The crude solid was collected via filtration, washed with 
water, and dried at mom temperature to afford 4.1 g (76% 35 
crude yield). The solid exhibited a broad endothermic peak 
at 200.7" C. as determined by DSC at a heating rate of 10" 
C./min. Recrystallization from aqueous ethanol afforded a 

H2N 

Into a 250 mL Paar Hydrogenation flask was charged 
[',5-bis(4-~itroPhenoxY)PhenYlldiPhenY1PhosPhin~ Oxide 25 hours and at -160' C. for -7 hours. The reaction mixture 

and lPdioxane (loo mL). The 

point was observed by DSC, 

Step 2 

Preparation of [2,5-bis(2-triIiuoromethyl-4- 
aminophenoxy)phenyl]diphenylphosphine oxide (4, 

tan solid (3.2 g, 80% yield) exhibiting a broad endothermic 4'-TFAPPO) 
peak at 204.12" C. by DSC. 

Example 6 

Preparation of [2,5-bis(2-trifluoromethy1-4- 
aminophenoxy)phenyl]diphenylphosphine oxide (4, 

4'-TFAPPO) 

Step 1 

Preparation of [2,.5-bis(2-trifluoromethyl-4- 
nitrophenoxy)phenyl]diphenylphosphine oxide 

'-33 

I 

40 
0 

CF, 
0 

50 

CF3 
I 

55 

60 

Into a 250 mL Parr hydrogenation flask was charged 
[2,5-bis(2-trifluoromethyl-4-nitrop henoxy)phenyl] 
diphenylphosphine oxide (2.55 g, 0.0037 mol), ethanol (25 

65 mL), and 10% Pd/C (0.27 g). The mixture was degassed 
prior to the introduction of hydrogen gas. The mixture was 
agitated under a hydrogen atmosphere for -24 hours at room 
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temperature. After degassing the solution, the Pd/C was 
removed by filtration and the solution added to stirred water 
to afford an off white solid. The crude solid was collectedvia 
filtration, washed with water, and dried at room temperature 
to afford 1.23 g (53% crude yield). The solid exhibited no 5 
melting peaks as determined by DSC at a heating rate of 10" 

Step 2 

Preparation of (2,6diamino-4- 
tritluoromethylpheny1)diphenylphosphine oxide (2, 

6APPO) 

C./min. 

Example 7 

Preparation of (2.6diamino-4- 
trii3uoromethilphenyl)diphenylphosphine oxide (2, 

6-APPO) 

Step 1 

Preparation of (2,6-dinitro-4-trifluoromethylphenyl) 
diphenylphosphine oxide 

CI 20 

25 

Into a 500 mL Erlenmeyer flask equipped with a stir bar 
was  p 1 aced ( 2,6 - d i ni t r o - 4 - t r i flu o r o me thy lp hen y 1) 

30 diphenylphosphine oxide (6.48 g, 0.0149 mol) and 1,4- 
dioxane (100 mL). The mixture was cooled in an ice bath to 
-10' C. Asolution of stannous chloride dihydrate (31.22 g, 
0.1384 mol) in concentrated hydrochloric acid (130 mL) 
was added dropwise over -1 hour. Once the addition was 

35 complete, the mixture was allowed to warm to room tem- 
perature with stirring. After -16 hours, the crude amine salt 
was collected via filtration, added to ice water and basified 
to a pH of -10 with ammonium hydroxide. The crude solid 
was isolated by filtration, washed with water, and air dried 
at room temperature to afford 5.11 g (91% crude yield) of a 
white powder. The solid exhibited a sharp endothermic peak 
at 172" C. as determined by differential scanning calorim- 
etry (DSC) at a heating rate of 10" C./min. Recrystallization 
from -50% aqueous ethanol afforded tan plates (3.86 g, 69% 

45 yield) exhibiting a sharp endothermic peak at 174.17" C. by 
DSC, 

01-0 
No, 

CFi 
02N* 

Into a flame dried 250 mL three neck round bottomed 
flask equipped with a mechanical stirrer, nitrogen gas inlet, 
pressure equalizing addition funnel, and condensor fitted 
with a drying tube was  charged 4-chloro-3,5- 
dinitrobenotrifluoride (11 A078 g, 0.0429 mol) and toluene 50 
(45 mL). Once dissolved, the solution was cooled in an ice 

toluene (30 mL) was added dropwise over a half hour to the 
stirred solution under nitrogen. The solution color changed 
from a light green to light brown. The reaction was allowed 55 
to warm to room temperature with stirring for -16 hours. 
The solution was then heated to reflux and maintained for 
-1.5 hours. The solution was cooled and a solid precipitated. 
The crude solid was isolated and air dried at room tempera- 
ture to afford 14.86 g (79% crude yield) of alight yellow 60 HO 
powder. The solid exhibited a sharp endothermic peak at 
193.35" C. as determined by differential scanning calorim- 
etry @SC) at a heating rate of 10" C./min. Recrystallization 
from -50% aqueous ethanol afforded a light green powder 
(13.45 g, 72% yield) exhibiting a sharp endothermic peakat 65 
194.61' C. by DSC. [mp 214-215" C., J. M. Brown and S. 
Woodward, J. 0%. Chem., 1991, 56, 68031. 

Example 8 

Reparation of [2,5-bls(3,4dicarboxylphenoxy) 
phenyl]diphenylphosphine oxide dianhydride 

bath. Ethyl diphenylphosphinite (9.8786 g, 0.0429 mol) in (PPOD A- 1) 

Step 1 

Preparation of [2,5-bis(3,4-dicyanophenoxy)phenyl] 
diphenylphosphine oxide 



35 
-continued 

CN 
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(12.19 g, 90% yield). The solid exhibited a broad melting 
point of 212-218" C. as determined by DSC at 10" C./min. 

K&03 
DMAc Step 3 ___L 

5 

NC Preparation of 4,4'-(2,5- 
diphenylphosphineoxidepheny1enedioxy)dip hthalic 

anhydride (PPODA-1) 
10 

COOH 

NC 

HOOC COOH 

Acetic acid L 

Acetic anhydride 

15 

Into a 250 mL three neck round bottomed flask equipped 

was place 4-nitrophthalonitrile (9.9 g, 0.0572 mol), 2,5- 20 
dihydroxyphenyldiphenylphosphine oxide (8.87 g, 0.0286 
mol), and N,N-dimethylformamide (DMAc, 100 mL). The 
mixture was stirred for 15 minutes at room temperature and 
then pulverized anhydrous potassium carbonate (9.89 g, 
0.0715 mol, 2.5 eq.) was added. The reaction mixture was 25 
stirred at room temperature for 24 hours. The reddish-brown 
reaction mixture was poured into -700 mL of stirred water 
and the resulting off-white precipitate was collected and 
washed with water. The solid was stirred in 100 mL of 
methanol for 10 minutes and was collected and dried for 2 30 
hours in a vacuum oven at 100" C. 

with a mechanical stirrer, nitrogen gas inlet, and drying tube 0 

Step 2 Into a 100 mL round bottom flask equipped with a 
magnetic stirrer and reflux condenser fitted with a nitrogen 

Preparation of [2,5-bis(3,4-dicarboxyphenoxy) 
phenyljdiphenylphosphine oxide 

gas inlet was placed [2,5-bis(3,4-dicarboxyphenoxy)phenyl] 
35 diphenylphosphine oxide (12.19 g, 0.0191 mol), glacial 

acetic acid (25 mL), and acetic anhydride (25 mL). The 
mixture was heated to reflux for 14 hours. The reaction was 
cooled and a fine off-white crystalline solid formed after 
several hours. The solid was collected, taken up in hot 
glacial acetic acid, treated with charcoal, and filtered. A 
white crystalline solid formed after several hours of standing 
undisturbed. The solid was collected and dried for 4 hours in 
a vacuum oven at 130" C. (7.19 g, 62%). The solid exhibited 

COOH 45 a broad melting point of 141-146" C. as determined by DSC 
at a heating rate of 10" C./min. 

cN 1.KOWEtOH 
HKJ 

2. HCI 
- NC 

Nc)Q-oQ-O-QfK 

apb 
COOH Example 9 o'b 50 Preparation of 4,4'-bis(3,4-dicarboxyphenoxy) 

phenylphosphine oxide dianhydride (PPODA-2) 

Step 1 
55 

Preparation of 4,4'-Bis(3,4-dicyanophenoxy) 
phenylphosphine oxide Into a 250 mL round bottom flask equipped with a 

magnetic stirrer was placed [2,5-bis(3,4-dicyanophenoxy) 
phenylldiphenylphosphine oxide (11.24 g, 0.0213 mol), 
EtOH (30 mL), potassium hydroxide (11.32 g, 0.1715 mol), 60 HO 
and water (30 mL). A condenser was placed on the flask and 
the mixture was heated to reflux for 24 hours. The reaction 
was cooled and the ethanol was removed under reduced 
pressure. The aqueous solution was poured into stirred 
aqueous HCI and the resulting precipitate was collected and 65 
stirred in 1 L of refluxing water. The off-white solid was 
collected and dried for 2 hours in a vacuum oven at 150" C. 
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-continued phine ox ide  (20.0 g,  0 .0645  mol),  and N,N-  
dimethylacetamide (DMAc, 200 mL). The mixture was 
stirred for 15 minutes at room temperature and then pulver- 
ized anhydrous potassium carbonate (22.29 g, 0.1613 mol, 

5 2.5 eq.) was added. The reaction mixture was heated to 150" 
C. for 12 hours. The dark reaction mixture was poured into 
-1200 mL of stirred water and the resulting green precipitate 
was collected and washed with water. The solid was stirred 
in refluxing isopropanol and filtered. A solid formed in the 

10 yellow filtrate upon cooling. The yellow solid was collected 
and dried for 2 hours in a vacuum oven at 125" C. 

2 * 
a-N 

CN 

NC 

NC 

Step 2 
Into a 500 mL three neck round bottomed flask equipped 1s 

with a mechanical stirrer, nitrogen gas inlet, and drying tube 
filled with calcium sulfate was place 4-nitrophthalonitrile 
(22.32 g, 0.1289 mol), bis(4-hydroxypheny1)phenyl phos- 

Preparation of 4,4'-bis(3,4-dicarboxyphenoxy) 
phenylphosphine oxide 

acN CN 2. HCI 

1 .EUEtOH 
NC 

L 

NC 

Into a 250 mL round bottom flask equipped with a 
magnetic stirrer was placed 4,4'-Bis(3,4-dicyano henoxy) 
phenylphosphine oxide (12.0 g, 0.0213 mol), &OH (30 
mL), potassium hydroxide (11.32 g, 0.1715 mol), and water 

4s (30 mL). A condenser was laced on the flask and the 
mixture was heated to reflux g r  24 hours. The reaction was 
cooled and the ethanol was removed under reduced pressure. 
The aqueous solution was poured into stirred aqueous HC1 
and the resulting precipitate was collected and stxrcd in 1 L 

so of refluxing water. The solid was collected and dried for 2 
hours in a vacuum oven at 150" C. 

Step 3 

Preparation of 4,4'-bls(3,4-dicarboxyphenoxy) 
phenylphosphine oxide dianhydride 

Acetic acid * 
Acetic anhydride 
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0 
-continued 

0 

40 

Into a 100 mL round bottom flask equipped with a 15 several hours of standing undisturbed. The solid was col- 
magnetic stirrer and reflux condenser fitted with a nitrogen 
gas inlet was placed 4,4'-bis(3,4-dicarboxyphenoxy) ' 
phenylphosphine oxide (10.0 g, 0.0157 mol), glacial acetic 
acid (25 mL), and acetic anhydride (25 mL). The mixture 
was heated to reflux for 14 hours. The reaction was cooled 2o 

and a crystalline solid formed after several hours. The solid 
was collected, taken up in hot glacial acetic acid, treated 
with charcoal, and filtered. A crystalline solid formed after 

lected and dried for 4 hours in a vacuum oven at 130" C. 

Example 10 

Reparation of Polyimide from 4,4'- 
peduoroisopropylidiene dianhydride and [2,4-bis 
(3-aminophenoxy)phenyl]diphenylphasphine oxide 

Using 1:l Stoichiometry 

HzNyJo)pJoyJmz+ ;mo / / 

Ph/ 

0 0 
Ph 

23" c., Nz 
Polar aprotic solvent I 
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Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenylldiphenylphosphine oxide (3-APPO, 
2.0367 g, 4.1353xW3 mol) and NMP (8.0 mL). Once 
dissolved, peduoroisopropylidiene dianhydride (1.8371 g, 
4.1353x10-' mol) was added along with additional NMP 
(7.0 mL) to give a solution with a concentration of 20% 
solids. The light yellow solution was stirred overnight at 
room temperature under a nitrogen atmosphere. A 0.5% 
(w/v) solution in NMP exhibited an inherent viscosity of 
0.66 dL/g at 25" C. The remaining polymer solution was 
chemically imidized by the addition of 1.27 g of acetic 
anhydride and 0.98 g of pyridine. The solution was stirred at 
room temperature overnight. The polymer was precipitated 
in a blender containing a 50/50 mixture of waterimethanol, 
filtered, washed with excess water and dried in a vacuum 
oven at 110" C. overnight to afford a white, fibrous material. 
Afilm cast from N,N-dimethylacetamide (DMAc) on a glass 
plate was placed in a forced air oven for 30 minutes each at 
75,100,125,150 and 200" C. and one hour each at 225 and 
250" C. The transparent colorless film was subsequently 
removed from the glass. The lilm exhibited good flexibility 
and a T, of 230" C. as determined by DSC at a heating rate 
of 20" C./min. 

Example 11 

Preparation of Polyimide from Oxydiphthalic 
Dianhydride and [2,4-bis(3-aminophenoxy)phenyl] 
diphenylphosphine oxide Using 1:l Stoichiometry 

42 
Into a 100 mL three neck round bottom Rask equipped 

with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed the diamine (2.3768 
g, 4.8258x10-' mole) and NMP (7.0 mL). Once dissolved 
oxydiphthalic dianhydride (1.4970 g, 4.8258x1W3 mole) 
was added along with additional NMP (8.0 mL) to give a 
solution with a concentration of 20% (w/v) solids. The light 

1o orange solution was stirred overnight at room temperature 
under a nitrogen atmosphere. A 0.5% solution in NMP 
exhibited an inherent viscosity of 1.01 dUg at 25" C. The 
remaining polymer solution was chemically imidized by the 
addition of 1.49 gof  acetic anhydride and 1.15 g of pyridine. 
The solution was stirred at room temperature overnight. The 
polymer was precipitated in a blender containing a 50/50 
mixture of water/methanol, filtered, washed with excess 

2o water and dried in a vacuum oven at 110" C. overnight to 
afford a white, fibrous material. A film cast from DMAc 
(12% solids wiw) onto plate glass using a doctor blade was 
allowed to dry to a tack-free state in a dust free chamber. The 
film on the glass plate was placed in a forced air oven for 30 
minutes each at 75,100,125,150 and 200" C. and one hour 
each at 225 and 250" C. The transparent colorless film was 
subsequently removed from the glass. The film exhibited 
good flexibility and a T, of 212" C. as  DSC at a heating rate 
of 20" C./min. 

15 

25 

23" C., N2 
Polar aprotic solvent I 
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Example 12 
44 

Preparation of Polyimide from 4,4'-biphenoxy 
dianhydride and [2,4-bis(3-aminophenoxy)phenyl] 
diphenylphosphine oxide Using 1:l Stoichiometry 

 PI^ aprotic solvent 

Into a 100 mL three neck round bottom flask equipped afford a white, fibrous material. A film cast from DMAc 
with a mechanical stirrer, nitrogen gas inlet, and drying tube (12% solids w/w) onto plate glass using a doctor blade was 
filled with calcium sulfate was placed the diamine (2.8200 allowed to dry to a tack-kee state in a dust free chamber. The 
g, 5.3197~10-' mole) and NMp (10.0 mL). Once dk.dved film on the glass plate was placed in a forced air oven for 30 
4,4'-bi~henoxy diahydride (2.5450 g, 5.3197x10-3 mole) minutes each at 75,100,125,150 and 200" C. and one hour 
was added along with additional NMP (10.0 mL) to give a each at 225 and 250" C. The transparent colorless film was 
solution with a concentration of 20% solids. The light subsequently removed from the glass, ne film exhibited 
orange solution was stirred overnight at room temperature 45 good flexibility and a T, of 2270 C. as determined by DSC 
under a nitrogen atmosphere. A0.5% (w/v) solution in NMP at a heating rate of 200 c.lmin, 
exhibited an inherent viscosity of 0.81 d u g  at 25" C. The 
remaining polymer solution was chemically imidized by the 
addition of 1.68 g of acetic anhydride and 1.29 g of pyridine. 
The solution was stirred at room temperature overnight. The 50 
polymer was precipitated in a blender containing a 50/50 
mixture of water/methanol, filtered, washed with excess 
water and dried in a vacuum oven at 110' C. overnight to 

Example 13 

Preparation of Polyimide from Pyromellitic 
Dianhydride and [2,4-bls(3-aminophenoxy)phenyl] 
diphenylphosphine oxide Using 1:l Stoichiometry 

23" C., N2 
Polar aprotic solvent I 
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-continued 
46 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube ,5 
filled with calcium sulfate was placed the diamine (2.6848 - 
g, 5 . 4 5 1 2 ~ 1 0 - ~  mole) and NMP (7.0 mL). Once dissolved 
pyromellitic dianhydride (1.1890 g, 5 .4512~10-~  mole) was 
added along with additional NMP(8.0 mL) to give a solution 
with a concentration of 20% solids. The mixture was stirred 
overnight at room temperature under a nitrogen atmosphere. 30 
The orange solution was stirred overlllght at room tempera- 
ture under a nitrogen atmosphere. A 0.5% (wk) solution in 
NMP exhibited an inherent viscosity of 0.53 dL/g at 25' C. 
The remaining polymer solution was chemically imidized by 
the addition of 1.68 g of acetic anhydride and 1.29 g of 35 
pyridine. The solution was stirred at room temperature 
overnight. The polymer was precipitated in a blender con- 

taining a SOL50 mixture of watedmethanol, filtered, washed 
with excess water and dried in a vacuum oven at 110' C. 
overnight to afford a yellow powder with a Tg of 251" C. as 
determined by DSC at a heating rate of 20" C./min. 

Example 14 

Preparation of Polyimide from 3,3',4,4'-biphenyl 
tetracarboxylic dianhydride and [2,4-bis(3- 

aminophenoxy)phenyl$liphenylphosphine oxide 
Using 1 : l  Stoichiometry 

23' C., liz 
Polar aprotic solvent 
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-continued 

L Ph' 'ph 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed the diamine (2.4251 
g, 4 .9239~10-~  mole) and NMP (7.0 mL). Once dissolved, 
3,3',4,4'-biphenyl tetracarboxylic dianhydride (1.4487 g, 
4 .9239~10-~  mole) was added along with additional NMP 
(8.0 mL) to give a solution with a concentration of 20% 
solids. The light orange solution was stirred overnight at 
room temperature under a nitrogen atmosphere. A 0.5% 
(wiv) solution in NMP exhibited an inherent viscosity of 
0.97 dL/g at 25" C. The remaining polymer solution was 
chemically imidized by the addition of 1.49 g of acetic 

glass. The film exhibited good flexibility and a T, of 234' C. 
as determined by DSC at a heating rate of 20" C h i n .  

15 
Example 15 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride and 75 Mole % of [2,4- 

2o bis(3-aminophenoxy)phenyl]diphenylphosphe 
oxide and 25 Mole % 1,3-bis(3-aminophenoxy) 

benzene Using 1:l Stoichiometry 

23' C., Nz 
Polar aprotic solvent 1 

-HzO I 

anhydride and 1.15 g of pyridine. The solution was stirred at 
room temperature overnight. The polymer was precipitated 
in a blender containing a 50/50 mixture of watedmethanol, 
filtered, washed with excess water and dried in a vacuum 6o 
oven at 110" C. overnight to afford an off-white, fibrous 
material. A film cast from DMAc onto plate glass using a 
doctor blade was allowed to dry to a tack-free state in a dust 
free chamber. The film on the glass plate was placed in a 
forced air oven for 30 minutes each at 75,100,125,150 and 65 
200" C. and one hour each at 225 and 250" C. The trans- 
parent light-yellow film was subsequently removed from the 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenyl]iphenylphosphine oxide (2.5347 g, 
5 . 1 4 6 4 ~ 1 0 - ~  mole), 1,3-bis(3-aminophenoxy)benzene 
(0.5015 g, 1 .7155~10-~  mole) and NMP (10.0 mL). Once 
dissolved, oxydiphthalic dianhydride (2.1287 g, 6.8619~ 

mole) was added along with additional NMP (10.0 mL) 
to give a solution with a concentration of 20% solids. The 
light yellow solution was stirred overnight at room tempera- 
ture under a nitrogen atmosphere. A 0.5% (w/v) solution in 
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NMp exhibited an inherent viscosity of 1.07 dLig at 25" C. Into a 100 mL three neck round bottom Bask equipped 
The remaining polymer solution was chemically imidized by with a mechanical stirrer, nitrogen gas inlet, and drying tube 
the addition of 2.12 g of acetic anhydride and 1.63 g of filled with calcium sulfate was placed [2,4-bis(3- 

aminophenoxy)phenyl]iphenylphosphine oxide (2.1377 g, pyridine. The solution was stirred at room temperature 
5 4 . 3 4 0 ~ 1 0 - ~  mole), 2,2-bis(4-(4-aminophenoxy)phenyl) 

taining a 50/50 mixture of watedmethanol, filtered, washed m ~ ) .  Once dissolved, oxydiphthalic &anhydride (1.7953 g, 
with excess water and dried in a vacuum oven at 110" C. 5 . 7 8 7 ~ 1 0 - ~  mole) was added along with additional NMP 
overnight to afford a white, fibrous material. A6lm cast from (10.0 mL) to give a solution with a concentration of 20% 
DMAc onto plate glass using a doctor blade was allowed to solids. The light Yellow solution was stirred overnight at 

mer solution was chemically imidized by the addition of 
the glass plate was placed in a forced air oven for 30 minutes 1.78 of acetic anhydride and 1.37 of p ~ d i n e .  ne 
each at 75,100, 125,150 and 200" C. and one hour each at solution was stirred at room temperature overnight. The 
225 and 250" C. The 6lm exhibited good flexibility and a T8 polymer was precipitated in a blender containing water, 
of 203' C. as determined by DSC at a heating rate of 20' 15 filtered, washed with excess water and dried in a vacuum 
C h i n .  oven at 110" C. overnight to afford a white, fibrous material. 

A 0.5% (w/v) solution NMP exhibited an inherent viscosity 
of 0.66 d u g  at 25" C. A film cast from DMAc (15% solids 
w/w) onto plate glass using a doctor blade was allowed to 

20 dry to a tack-free state in a dust free chamber. The film on 
the glass plate was placed in a forced air oven for 30 minutes 
each at 75,100, 125, 150 and 200" C. and one hour each at 
225 and 250" C. The film exhibited good flexibility and a T 
of 216" C. as determined by DSC at a heating rate of 20% 

Overnight. The polymer was precipitated in a blender 'on- hexafluropropane (0.7501 g, 1 .447~10-~  mole) NMP (10.0 

dry to a tack-free state in a dust free chamber. The film on room temperame under a nitrogen atmosphere. The Poly- 

Example 16 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bis 
(3-aminophenoxy)phenyl]diphenylphosphine oxide 

and 25 Mole % of 2,2-bis(4-(4-aminophenoxy) 
pheny1)hexafluropropane Using 1:l Stoichiometry C.imin. 

23" C., Nz 
Polar aprotic solvent 1 
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Example 17 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bk 
(3-aminophenoxy)phenyl]diphenylphosphine oxide 

and 25 Mole % of 3,4'-oxydianiline Using 1:1 
Stoichiometry 

room temperature overnight. The polymer was precipitated 
in a blender containing water, filtered, washed with excess 
water and dried in a vacuum oven at 110" C. overnight to 
afford a white, fibrous material. A 0.5% solution in NMP 

5 exhibited an inherent viscosity of 0.57 dL/g at 25" C. A film 
vias cast from DMAc (15% solids w/w) onto a plate glass 
using a doctor blade was allowed to dry to a tack-free state 

23' C., N? 
Polar aprotic solvent 

-HzO I 

where Ar is 1590 -yJoaov / / -0 and2590 

Ph' \Ph 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenyl]diphenylphosphine oxide (2.3707 g, 
4 . 8 1 4 ~ 1 0 - ~  mole3,4'-oxydianiline (0.3213 g, 1.605~10-~ 
mole) and DMAc (10.0 mL). Once dissolved oxydiphthalic 
dianhydride (1.9910 g, 6 .412~10-~  mole) was added along 
with additional DMAc (10.0 mL) to give a solution with a 
concentration of 20% solids weighthrolume. The light yel- 
low solution was stirred overnight at room temperature 
under a nitrogen atmosphere. The polymer solution was 
chemically imidized by the addition of 1.93 g of acetic 
anhydride and 1.45 g of pyridine. The solution was stirred at 

in a dust free chamber. The film on the glass plate was placed 
in a forced air oven for 30 minutes each at 75,100,125,150 
and 200" C. and one hour each at 225 and 250" C. The film 
exhibited good flexibility and a T, of 218" C. as determined 
by DSC at a heating rate of 20" C./min. 

Example 18 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bis 
(3-aminophenoxy)phenyl]diphenylph~phine oxide 

and 25 Mole % of 2,2-bis(4-aminophenyl) 
hexafluoropropane Using 1: l  Stoichiometry 

23" C., Nz 
Polar aprotic solvent 1 
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Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy henyl iphenylphosphine oxide (2.4999 g, 
5 . 0 7 6 x 1 0 - '  mo?; 2 , 2 - b i s ( 4 - a m i n o p h e n y I )  
hexafluoropropaoe (0.5656 g, 1.692x1W3 mole) and NMP 
(10.0 mL). Once dissolved. oxydiphthalic dianhydride 
(2.0995 g, 6 .768~10-~  mole) was added along with addi- 
tional NMP (10.0 mL) to give a solution with a concentra- 
tion of 20% solids. The light yellow solution was stirred 
overnight at room temperature under a nitrogen atmosphere. 
The uolvmer solution was chemicallv imidized bv the addi- 

25 

cosity of 0.57 dL/g at 25' C. A film cast from DMAc onto 
plate if glass using a doctor blade was allowed to dry to a 
tack-free state in a dust free chamber. The film on the glass 

3o plate was placed io a forced air oven for 30 minutes each at 
75,100,125,150 and 200' C. and one hour each at 225 and 
250' C. The film exhibited good flexibility and a T, of 220' 
C. as determined by DSC at a heating rate of 20' C./min. 

Example 19 35 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bis 
(3-aminophenoxy)phenyl]diphenylphosphine oxide 

tion of i .93 g of acetic anhydride ani1.45 g of pyAdOe. The 
solution was stirred at room temperature overnight. The 
polymer was precipitated io a blender containing water, 4o 
filtered. washed with excess water and dried in a vacuum 
oven a t  110" C. overnight to afford a white, fibrous material. 
A 0.5% (w/v) solution io NMP exhibited an inherent vis- 

and 25 Mole % of bls(4-aminophenoxy)biphenyl 
Using 1:l Stoichiometry 

0 0 

H z N ~ o ~ o ~ " " ' +  P O  H2N o + " H  + 

Ph' 'ph 0 0 

23' C., Nz 
Polar aprotic solvent I 
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1s 
Into a 100 mL three neck round bottom flask equipped 

with a mechanical stirrer, nitrogen gas inlet, and drying tube 
filled with calcium sulfate was Placed [2,4-bis(3- 
aminophenoxy)phenylldiphenYlPh~P~ne oxide (2.4723 g, 

DMAc (15% solids w/w) onto plate glass using a doctor 
blade was allowed to dry to a tack-free state in a dust free 
chamber. The film on the glass plate was placed in a forced 
air Oven for 30 minutes each at 75,100,125,150 and 200" 

5.020x10-3 mole), bis(4-aminophenoxy)biphenY1 ("6"5 g, 20 C. and one hour each at 225 and 250" C, The film exhibited 
1'617x10-3 good flexibility and a T, of 2220 C. as determined by DSC and DMAc (lo.' mL)' The dlamlnes 
dissolved within a few minutes and oxydiphthalic dianhy- 
dride (2.0763 g, 6 . 6 9 3 ~ 1 0 ~ ~  mole) was added along with 
additional DMAc (10.0 mL) to give a solution with a 
concentration of 20% solids. The light yellow solution was 2s 
stirred overnight at room temperature under a nitrogen 
atmosphere. The polymer solution was chemically imidized 
by the addition of 1.93 g of acetic anhydride and 1.45 g of 
pyridine. The solution was stirred at room temperature 
overnight. The polymer was precipitated in a blender con- 3o 
taining water, filtered, washed with excess water and dried 
in a vacuum oven at 110" C. overnight to afford a white, 
fibrous material. A 0.5% (wiv) solution NMP exhibited an 
inherent viscosity of 0.73 dL/g at 25" C. A film cast from 

at a heating rate Of 20" 

Example 20 

Preparation of Random Copolyimide from 4,4'- 
perfluoroisopropylidene dianhydride, 75 Mole % of 
[2,4-bls(3-aminophenoxy)phenyl]diphenylphosphine 
oxide and 25 Mole % of 1,3-bis(3-aminophenoxy) 

benzene Using 1:l Stoichiometry 

23" C., Nz 
Polar aprotic solvent I 
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-continued 

Into a 100 mL three neck round bottom flask equipped A film cast from DMAc (15% solids wiw) onto plate glass 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 10 using a doctor blade was allowed to dry to a tack-free state 
filled with calcium sulfate was placed [2,4-bis(3- in adust free chamber. The filmon the glassplate wasplaced 
aminophenoxy)phenylldiphenylphosphine oxide (2.1516 g7 in a forced air oven for 30 minutes each at 75,100,125,150 
4 . 3 6 9 ~ 1 0 - ~  mole), 1,3-bis(3-aminophenoxy)benzene and 200" c. and one hour each at 225 and 250" C. The film 
(0.4257 g, 1.456x10-3 mL). The exhibited good flexibility and a T, of 224" C. as determined 
diamines dissolved within a few minutes and 4,4'- 15 by DSC at a heating rate of 2 0 ~  c./-. 
perfluoroisopropylidiene dianhydride (2.5877 g, 5 .824~10-~  
mole) was added along with additional DMAc (10.0 mL) to 
give a solution with a concentration of 20% solids. The light 
yellow solution was stirred overnight at room temperature 
under a nitrogen atmosphere. The polymer solution was 20 
chemically imidized by the addition of 1.93 g of acetic 
anhydride and 1.45 g of pyridine. The solution was stirred at 
room temperature overnight. The polymer was precipitated 
in a blender containing water, filtered, washed with excess 

and DMAc 

Example 21 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bis 
(3-aminophenoxy)phenyl]diphenylphosphine oxide 

and 25 Mole % 9,9-bis(4-aminophenyl)fluorene 
Using 1:l Stoichiometry 

23" c., NZ 
Polar aprotic solvent 1 

water and dried in a vacuum oven at 110" C. overnight to 65 
afford a white, fibrous material. A 0.5% (w/v) solution in 
NMP exhibited an inherent viscosity of 0.53 dL/g at 25" C. 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
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aminophenoxy)phenyl]diphenylphosphine oxide (2.2562 g, Into a 100 mL three neck round bottom flask equipped 
4 . 5 8 1 ~ 1 0 - ~  mole), 9,9-bis(4-aminophenyl)fluorene (0.5321 with a mechanical stirrer, nitrogen gas inlet, and drying tube 

oxydiphthalic dianhydride (1.8945 g, 6 . 1 0 7 ~ 1 0 - ~  mole) was aminophenoxy)phenyl]diphenylphosphine oxide (2.5035 g, added along with additional DMAc (10.0 mL) to give a 5 
solution with a concentration of 20% solids. The light 5 . 0 8 3 ~ 1 0 - ~  mole), bis(trifluoromethy1)benzidine (0.5438 g, 
yellow solution was stirred overnight at room temperature 1 . 6 9 4 ~ 1 0 - ~  mole) and DMAc (10.0 mL). Once dissolved, 
under a nitrogen atmosphere. The Polymer SolUtion was oxydiphthalic dianhydride (2.1025 g, 6 .777~10-~  mole) was 
chemically imidized by the addition of 1.93 g of acetic added along with DMAc d) to give a 
anhydride and 1.45 g of pyridine. The solution was stirred at IO solution with a concentration of 20% solids. The light room temperature overnight. The polymer was precipitated 
in a blender containing water, filtered, washed with excess Yellow solution was stirred overnight at room temperature 
water and dried in a vacuum oven at 110" C. overnight to under a nitrogen atmosphere. The polymer solution was 
afford a white, fibrous materid. A 0.5% (Wk) solution in chemically imidized by the addition of 1.93 g of acetic 

A film cast from DMAc (15% solids w/w) onto plate glass room temperature overnight. The polymer was precipitated using a doctor blade was allowed to dry to a tack-free state 
in a dust free chamber. The film on the glass plate was placed in a blender containing water, filtered, washed with excess 
in a forced air oven for M.minutes each at 75,100,125,150 water and dried in a vacuum oven at 110" C. overnight to 
and 200" c. and one hour each at 225 and 250" c. The film 20 afford a white, fibrous material. A 0.5% (w/v) solution NMP 

rate of 20" C./min. cast from DMAc (15% solids wiw) onto plate glass using a 
doctor blade was allowed to dry to a tack-free state in a dust 

2s free chamber. The film on the glass plate was placed in a 
forced air oven for 30 minutes each at 75,100,125,150 and 
200" C. and one hour each at 225 and 250" C. The film 
exhibited a T, of 227" C. as determined by DSC at a heating 
rate of 20" C./min. 

g, 1.527x10-3 DMAc (lo.' mL). Once disso1ved7 filled with calcium sulfate was placed [2,4-bis(3- 

"IP exhibited an inherent VkCOSity Of 0.39 dL/g at 25" c. 15 and 1.45 ofpyridine, ne solution was stirred at 

exhibited a Tg Of 2260 '' determined by DSC at a heating exhibited an inherent viscosity of 0.46 dL/g at 25" C, A film 

Example 22 

Preparation of Random Copolyimide from 
Oxydiphthalic Dianhydride, 75 Mole % of [2,4-bis 
(3-aminophenoxy)phenyl]diphenylphosphine oxide 
and 25 Mole % 2,2'-bls(trifluoromethyl)benzidine 

Using 1:l Stoichiometry 

23" C, NZ 
Polar aprotic solvent I 
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Example 23 The light yellow solution was stirred overnight at room 
temperature under a nitrogen atmosphere. The polymer 

Preparation of Random Copolyimide from 4,4'- solution was chemically imidized by the addition of 1.67 g 
perfluoroisopropylidene dianhydride, 75 Mole % of of acetic anhydride and 1.28 g of pyridine. The solution was 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 5 stirred at room temperature overnight. The polymer was 

oxide and 25 Mole % of 2,2'-bis(trifluoromethyl) precipitated in a blender containing water, filtered, washed 
benzidine Using 1:l Stoichiometry with excess water and dried in a vacuum oven at 110" C. 

23" c., N2 
Polar aprotic solvent 1 

Into a 100 mL three neck round bottom flask equipped overnight to afford a white, fibrous material. A 0.5% (w/v) 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 60 solution NMP exhibited an inherent viscosity of 0.34 dL/g at 
filled with calcium sulfate was placed [2,4-bis(3- 25" C. Afilm cast fkom DMAc (15% solids w/w) onto plate 
aminophenoxy)phenyl]iphenylphosphine oxide (2.1344 g, glass using a doctor blade was allowed to dry to a tack-free 
4 . 3 3 7 ~ 1 0 - ~  mole), 2,2'-bis(trifluoromethyl)benzidine state in a dust free chamber. The film on the glass plate was 
(0.4636 g, 1 . 4 4 5 ~ 1 0 - ~  mole) and DMAc (10.0 mL). Once placed in a forced air oven for 30 minutes each at 75, 100, 
dissolved 4,4'-perfluoroisopropylidene dianhydride (2.5670 6s 125,150 and 200" C. and one hour each at 225 and 250" C. 
g, 5.778~10-~ mole) was added along with DMAc (10.0 The film exhibited good flexibility and a T of 233" C. as 
mL) to give a solution with a concentration of 20% solids. determined by DSC at a heating rate of 20 C./min. 8 
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Example 24 The Light yellow solution was stirred overnight at room 
temperature under a nitrogen atmosphere. The polymer 

Preparation of Random Copolyimide from 4,4'- solution was chemically imidized by the addition of 1.67 g 
perfluoroisopropylidene dianhydride, 75 Mole % of of acetic anhydride and 1.28 g of pyridine. The solution was 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 5 stirred at rwm temperature overnight. The polymer was 

oxide and 25 Mole % of 3,4'-oxydianiline Using precipitated in a blender containing water, filtered, washed 
1: l  Stoichiometry with excess water and dried in a vacuum oven at 110" C. 

"'"\ fF' 0 
// 

23" C., N2 0- 

Polar aprotic solvent I 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenyl]iphenylphosphine oxide (2.0028 g, 
4 . 0 6 7 ~ 1 0 - ~  mole), 3,4'-oxydianiline (0.2714 g, 1 . 3 5 6 ~ 1 0 - ~  
mole) and DMAc (10.0 mL). Once dissolved, 4,4'- 
periluoroisopropylidene dianhydride (2.4087 g, 5 .5422~  
los3 mole) was added along with additional DMAc (10.0 
mL) to give a solution with a concentration of 20% solids. 

overnight to afford a white, fibrous material. A 0.5% (w/v) 
6o solution NMP exhibited an inherent viscosity of 0.42 dL/g at 

25" C. A film cast from DMAc (15% solids w/w) onto plate 
glass using a doctor blade was allowed to dry to a tack-free 
state in a dust free chamber. The film on the glass plate was 
placed in a forced air oven for 30 minutes each at 75, 100, 

65 125,150 and 200" C. and one hour each at 225 and 250" C. 
The film exhibited good flexibility and a T of 234" C. as 
determined by DSC at a heating rate of 20 B C./min. 
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Example 25 concentration of 20% solids. The light yellow solution was 
stirred overnight at room temperature under a nitrogen 

Preparation 'of Random Copolyimide from 4,4'- atmosphere. The polymer solution was chemically imidized 
perfluoroisopropylidene dianhydride, 75 Mole % of by the addition of 1.67 g of acetic anhydride and 1.28 g of 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 5 pyridine. The solution was stirred at room temperature 

oxide and 25 Mole % of 2,2-bis(4-(4- overnight. The polymer was precipitated in a blender con- 
aminophenoxy)phenyl)hexafluoropropane Using 1:l taining water, filtered, washed with excess water and dried 

Stoichiometry in a vacuum oven at 110" C. overnight to afford a white, 

/Polar aprotic solvent 

OH 

0 

0 
H 

Ar-x 

HO 

0 

m 

Into a 100 mL three neck round bottom flask equipped fibrous material. A0.5% (w/v) solution in NMP exhibited an 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 6o inherent viscosity of 0.58 d u g  at 25" C. A film cast from 
filled with calcium sulfate was placed [2,4-bis(3- DMAc (15% solids w/w) onto plate glass using a doctor 
aminophenoxy)phenyl]iphenylphosphine oxide (2.0227 g, blade was allowed to dry to a tack-free state in a dust free 
4 . 1 0 7 ~ 1 0 - ~  mole), 2,2-Bis(4-(4-aminophenoxy)phenyl) chamber. The film on the glass plate was placed in a forced 
hexafluoropropane (0.7097 g, 1 . 3 6 9 ~ 1 0 - ~  mole) DMAc air oven for 30 minutes each at 75, 100, 125,150 and 200" 
(10.0 mL). Once dissolved, 4,4'-perfluoroisopropylidene 65 C. and one hour each at 225 and 250' C. The film exhibited 
dianhydride (2.4326 g, 5 .476~10-~  mole) was added along good flexibility and a T, of 234' C. as determined DSC at 
with additional DMAc (10.0 mL) to give a solution with a a heating rate of 20" C./min. 
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Example 26 

Preparation of Random Copolyimide from 3,3',4',4'- 
biphenyl tetracarboxylic dianhydride 75 Mole % of 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 

oxide and 25 Mole % of 2,2-bis(4-(4- 
aminophenoxy)phenyl)hexafluoropropane Using 1: 1 

Stoichiometry 

with a concentration of 20% solids. The light yellow solu- 
tion was stirred overnight at room temperature under a 
nitrogen atmosphere. The polymer solution was chemically 
imidized by the addition of 1.67 g of acetic anhydride and 

5 1.28 g of pyridine. The solution was stirred at room tem- 
perature overnight. The polymer was precipitated in a 
blender containing water, filtered, washed with excess water 
and dried in a vacuum oven at 110" C. overnight to afford a 

Ph 

23' C., Nz 0 0 

Polar aprotic solvent 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenyl]iphenylphosphine oxide (2.4052 g, 
4 . 8 8 4 ~ 1 0 - ~  mole), 2,2-bis(4-(4-aminophenoxy)phenyl) 
hexafluoropropane (0.8440 g, 1 . 6 2 8 ~ 1 0 - ~  mole) and DMAc 
(10.0 mL). Once dissolved, 3,3',4',4'-bi henyl tetracarboxy- 
lit dianhydride (1.9158 g, 6.511~10- mole) was added 
along with additional DMAc (10.0 mL) to give a solution 

s 

white, fibrous material. A 0.5% (w/v) solution in NMP 
6o exhibited an inherent viscosity of 0.49 d u g  at 25" C. A film 

cast from DMAc (15% solids w/w) onto plate glass using a 
doctor blade was allowed to dry to a tack-free state in a dust 
free chamber. The film on the glass plate was placed in a 
forced air oven for 30 minutes each at 75,100,125,150 and 

65 200" C. and one hour each at 225 and 250" C. The film 
exhibited good flexibility and a T, of 237' C. as determined 
DSC at a heating rate of 20" C./min. 
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Example 27 The light yellow solution was stirred overnight at room 
temperature under a nitrogen atmosphere. The polymer 

Preparation of Random Copolyimide from 4,4'- solution was chemically imidized by the addition of 1.67 g 
perfluoroisopropylidene dianhydride, 75 Mole % of of acetic anhydride and 1.28 g of pyridine. The solution was 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 5 stirred at room temperature overnight. The polymer was 

oxide and 25 Mole % of bis(4-aminophenoxy) precipitated in a blender containing water, filtered, washed 
biphenyl Using 1:l Stoichiometry with excess water and dried in a vacuum oven at 110" C. 

I U"C.,Nz 0 

/POIX aprotic solvent 

J - H P  

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxy)phenyl]iphenylphosphine oxide (2.1064 g, 
4.277~10-~ mole), bis(4-aminophenoxy)biphenyl(O.5253 g, 
1.426~10-~ mole) and DMAc (10.0 mL). Once dissolved, 
4,4'-perfluoroisopropylidene dianhydride (2.5333 g, 5.703~ 

mole) was added along with additional DMAc (10.0 
mL) to give a solution with a concentration of 20% solids. 

overnight to afford a white, fibrous material. A 0.5% (w/v) 
solution NMP exhibited an inherent viscosity of 0.57 dL/g at 
25" C. A film cast from DMAc (15% solids wiw) onto plate 
glass using a doctor blade was allowed to dry to a tack-free 
state in a dust bee chamber. The film on the glass plate was 
placed in a forced air oven for 30 minutes each at 75, 100, 

65 125,150 and 200" C. and one hour each at 225 and 250" C. 
The film exhibited good flexibility and a T, of 238" C. as 
determined by DSC at a heating rate of 20" C./min. 

60 
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Example 28 

Preparation of Random Copolyimide from 4,4'- 
perfluoroisopropylidene dianhydride, 75 Mole % of 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 

oxide and 25 Mole % of 2,2-bis(4-aminophenyl) 
hexduoropropane Using 1: 1 Stoichiometry 

stirred overnight at room temperature under a nitrogen 
atmosphere. The polymer solution was chemically imidized 
by the addition of 1.67 g of acetic anhydride and 1.28 g of 
pyridine. The solution was stirred at room temperature 

5 overnight. The polymer was precipitated in a blender con- 
taining water, filtered, washed with excess water and dried 
in a vacuum oven at 110" C. overnight to afford a white, 

Ph' I 
Ph 

p ~ a r  aprotic solvent 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet, and dryir;g tube 
filled with calcium sulfate was placed [2,4-bis(3- 
aminophenoxyJphenyl]diphenylphosphne oxide (2.1265 g, 
4 . 3  18 x 10- 2 , 2  -b  i s (  4 - a m  i n  o p  h e n y 1) 
hexafluoropropane (0.4811 g, 1 . 4 3 9 ~ 1 0 - ~  mole) and DMAc 
(10.0 mL). Once dissolved, 4,4'-perfluoroisopropylidene 
dianhydride (2.5579 g, 5 .757~10-~  mole) was added along 
with additional DMAc (10.0 mL) to give a solution with a 
concentration of 20% solids. The light yellow solution was 

m o l ) ,  

fibrous material. A 0.5% (w/v) solution NMP exhibited an 
inherent viscosity of 0.39 d u g  at 25" C. A film cast from 
DMAc (15% solids w/w) onto plate glass using a doctor 
blade was allowed to dry to a tack-free state in a dust free 
chamber. The film on the glass plate was placed in a forced 
air oven for 30 minutes each at 75,100, 125,150 and 200" 
C. and one hour each at 225 and 250" C. The film exhibited 
good flexibility and a T, of 238" C. as determined by DSC 
at a heating rate of 20" C./mh. 
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Example 29 yellow solution was stirred overnight at room temperature 
under a nitrogen atmosphere. The polymer solution was 

Preparation of Random Copolyimide from 3,3',4',4'- chemically imidized by the addition of 1.67 g of acetic 
biphenyl tetracarborylic dianhydride, 75 Mole % of anhydride and 1.28 g of pyridine. The solution was stirred at 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphosphine 5 room temperature overnight. The polymer was precipitated 

oxide and 25 Mole % of 3,4'-oxydianiline Using in a blender containing water, filtered, washed with excess 
1:1 Stoichiometry water and dried in a vacuum oven at 110" C. overnight to 

Ph 

230 c., Nz 
Polar aprotic solvent 1 

Into a 100 mL three neck round bottom flask equipped afford a white, fibrous material. A 0.5% (w/v) solution in 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 60 NMP exhibited an inherent viscosity of 0.26 dL/g at 25" C. 
filled with calcium sulfate was placed [2,4-bis(3- A film cast from DMAc (15% solids wiw) onto plate glass 
aminophenoxy)phenyl]iphenylphosphine oxide (2.6733 g, using a doctor blade was allowed to dry to a tack-free state 
5 . 4 2 8 ~ 1 0 - ~  mole), 3,4'-oxydianiline (0.3623 g, 1 .809~10-~  in a dust free chamber. The film on the glass plate was placed 
mole) and DMAc (10.0 mL). Once dissolved, 3,3',4',4'- in a forced air oven for 30 minutes each at 75,100,125,150 
biphenyl tetracarboxplic dianhydride (2.1294 g, 7.237~10-~ 65 and 200' C. and one hour each at 225 and 250" C. The film 
mole) was added along with DMAc (10.0 mL) to give a exhibited good flexibility and a T, of 240" C. as determined 
solution with a concentration of 20% solids. The light by DSC at a heating rate of 20" C./min. 
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Example 30 room temperature under a nitrogen atmosphere. The poly- 
mer solution was chemically imidized by the addition of 

Preparation of Random Copolyimide from 3,3',4',4'- 1.67 g of acetic anhydride and 1.28 g of pyridine. The 
biphenyl tetracarboxylic dianhydride 75 Mole % of solution was stirred at room temperature overnight. The 
[2,4-bis(3-aminophenoxy)phenyl]diphenylphos~~~~~ s polymer was precipitated in a blender containing water, 

oxide and 25 Mole % of 9,9-bis(4-aminophenyl) filtered, washed with excess water and dried in a vacuum 
fluorene Using 1:1 Stoichiometry oven at 110" C. overnight to afford a white, fibrous material. 

23' c., Nt 
Polar aprotic solvent 1 

Into a 100 mL three neck round bottom flask equipped A 0.5% (w/v) solution Nh4P exhibited an inherent viscosity 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 60 of 0.28 d u g  at 25" C. A film cast from DMAc (15% solids 
filled with calcium sulfate was placed [2,4-bis(3- W/W) Onto plate glass using a doctor blade was allowed to 
aminophenoxy)phenyl]iphenylphosphine oxide (2.5414 €5 dry to a tack-free state in a dust free chamber. The film on 
g, 1 . 7 2 0 ~ 1 0 - ~  mole) and Dh4Ac (10.0 mL). Once dissolved 
37,4',4'-biphenyl tetraca&oxylic (2.0243 g: each at 75, 100- lz? 150 and 2ooo c. and One hour each at 
6.880~10- mole) was added along with additional D M A ~  65 225 and 250" c. The film exhibited good flexibility and a T 
(10.0 mL) to give a solution with a concentration of 20% of 246" C. as  determined by DSC at a heating rate of 20g 
solids. The light yellow solution was stirred overnight at C./min. 

5.160x10-3 9,9-bis(4-aminopheny1)fluorene (0.5993 the glass plate was placed in a forced air oven for 30 minutes 
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Example 31 

Preparation of Random Copolyimide from 4,4'- 
perfluoroisopropylidene dianhydride, 75 Mole % of 
[2,4-bis(3-aminophenoxy)phenyl]diphenylpl-10sphine 

oxide and 25 Mole % of 9,9-bis(4-aminophenyl) 
fluorene Using 1:l Stoichiometry 

The light yellow solution was stirred overnight at room 
temperature under a nitrogen atmosphere. The polymer 
solution was chemically imidized by the addition of 1.67 g 
of acetic anhydride and 1.28 gof  pyridine. The solution was 

5 stirred at room temperature overnight. The polymer was 
precipitated in a blender containing water, filtered, washed 
with excess water and dried in a vacuum oven at 110" C. 

Ph 

' \  o m o  

t o  
/ / 

' \  1 I '  I 0 0 

23" C., Nz 
Polar aprotic solvent I 

0 0 

Into a 100 mL three neck round bottom flask equipped overnight to afford a white, fibrous material. A 0.5% (w/v) 
with a mechanical stirrer, nitrogen gas inlet, and drying tube 60 solution NMP exhibited an inherent viscosity of 0.48 dL/g at 
filled with calcium sulfate was placed [2,4-bis(3- 25' C. Afilm cast from DMAc (15% solids w/w) onto plate 
aminophenoxy)phenyl]iphenylphosphine oxide (2.1181 g, glass using a doctor blade was allowed to dry to a tack-free 
4 . 3 0 1 ~ 1 0 - ~  mol), 9,9-bis(4-aminophenyl)fluorene (0.4995 state in a dust free chamber. The fdm on the glass plate was 
g, 1 . 4 3 4 ~ 1 0 - ~  mole) and DMAc (10.0 mL). Once dissolved, placed in a forced air oven for 30 minutes each at 75, 100, 
4,4'-perfluoroisopropylidene dianhydride (2.5474 g, 5 .734~  65 125,150 and 200" C. and one hour each at 225 and 250" C. 

mole) was added along with additional DMAc (10.0 The film exhibited g o d  flexibility and a T of 249' C. as 
mL) to give a solution with a concentration of 20% solids. determined by DSC at a heating rate of 20'C./min. 
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Example 32 

Preparation of Polyimide from 2,3,3',4'-biphenyl 
tetracarboxylic dianhydride and [2,4-bis(3- 

aminophenoxy)phenyl]diphenylphosphine oxide 
Using 1: l  Stoichiometry 

four hours under a nitrogen atmosphere. The polymer was 
precipitated in a blender containing a 50150 mixture of 
waterimethanol, filtered, washed with excess water and 
dried in a vacuum oven at 150" C. overnight to afford a 

5 white, fibrous material. A 0.5 gidL solution in DMAc had a 
viscosity of 0.49 dL/g. A film cast from DMAc (20% solids 

23" c., N? 
Polar aprotic solvent 1 

L Ph 

Into a 100 mL three neck round bottom flask equipped 60 w/w) onto plate glass using a doctor blade was allowed to 
with a mechanical stirrer, nitrogen gas inlet and condenser dry to a tack-free state in a dust free chamber. The film on 
was placed the diamine (3.0000 g, 6 .0912~10-~  mole) and the glass plate was placed in a forced air oven for 30 minutes 
m-cresol (10.0 g). Once dissolved 2,3,3',4'-biphenyl tetra- each at 75, 100, 125, 150 and 200" C. and one hour each at 
carboxylic dianhydride (1.7922 g, 6 .0912~10-~  mole) was 225 and 250" C. The transparent low color film was subse- 
added along with additional m-cresol(9.2 g) and 0.5 mL of 65 quently removed from the glass. The film exhibited good 
&quinoline to give a solution with a concentration of 20% flexibility and a T, of 230" C. as DSC at a heating rate of 20" 
(w/v) solids. The orange solution was stirred at 200" C. for C./min. 
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Example 33 chemically imidized by the addition of 1.27 g of acetic 
anhydride and 0.98 g ofpyridine. The solution wis stirred at 
room temperature overnight. The polymer was precipitated 
in a blender containing a 50150 mixture of water/methanol, 

Preparation of Polyimide from 4,4- 
peduoroisoprop ylidiene dianhydride and [2,4-bis 

Using 1 : l  Stoichiometry 
(4-aminophenoxy)phenY1~PhenY1Phosphine Oxide filtered, washed with exceSS water and dried in a vacuum 

H2N 

Ph 

2 3 O  c., r*; 
Polar aprotic solvent 

' OH 

0 

HO / 

0 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,4-bis(4- 
arninophenoxy)phenyl]diphen 1 hos hine oxide (1,3,4- 

Once dissolved, perfluoroisopropylidiene dianhydride 
(1.8371 g, 4.1353~10-~ mol) was added along with addi- 
tional NMP (7.0 mL) to give a solution with a concentration 
of 20% solids. The light yellow solution was stirred over- 
night at room temperature under a nitrogen atmosphere. A 
0.5% (w/v) solution in NMP exhibited an inherent viscosity 
of 0.31 dL/g at 25' C. The remaining polymer solution was 

APPO, 2.0367 g, 4.1353~10- r p  mol) and Nh4P (8.0 mL). 

oven at 110" C. overnight to afford a quantitative yield of an 
40 amber colored material. 

Example 34 

45 

Preparation of Polyimide from 2,3,3,4'- 
biphenyltetracarboxylic dianhydride and [2,5-bis(4- 
aminophenoxy)phenylldiphenylphosphine oxide 

Using 1:l Stoichiometry 

23" C., Nz 
Polar aprotic solvent I 
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-continued 

HO 

- 

0 "\ 

\ 

30 

Into a 100 mL three neck round bottom flask equipped ited good flexibility and a T of 259" C. as determined by 
with a mechanical stirrer, nitrogen gas inlet and drying tube DSC at a heating rate of 208 C./min. Unoriented thin film 
filled with calcium sulfate was placed [2,5-bis(3- tensile properties at room temperature were: 15.8 ksi 
amino~henox~)~henylldi~hen~l~hos~hine oxide (4,4'- strength, 491 ksi modulus, and 13% elongation at break. For 
-Po, 2.0465 g, 0.0042 mol) and N,N-dimethylacetaide 35 a film thickness of 1.5 mil, the thermal emissivity (E) was 
(DMAc, 4.0 mL). Once dissolved, 2,3,3',4'-biphenyl tetra- 0.622 and the solar absorptance (a) was 0.159. The ratio d e  
carboxylic dianhydride (1.2225 g, 0.0042 mol) was added as was 0,256, 
a slurry in 5.0 mL DMAc and rinsed in with additional 
DMAc (5.0 mL) to give a solution with a concentration of 
19.86% solids. The light orange solution was stirred over- 40 
night at room temperature under a nitrogen atmosphere. A 
0.5% (wh) solution in DMAc exhibited an inherent viscos- 
ity of 0.59 dL/g at 25" C. The solution was centriguged and 
cast on plate glass in a low humidity chamber. The film on 
plate glass was placed in a forced air oven for 1 hour each 45 
at 100, 200, and 300" C. The transparent light amber film 
was subsequently removed from the glass. The film exhib- 

Example 35 

Preparation of Polyimide from 3,3',4,4- 
biphenyltetracarboxylic dianhydride and [2,5-bis(4- 

aminophenoxy)phenyl] diphenylphosphine oxide 
Using 1: l  Stoichiometry 

23" C., Nz 
Polar aprotic solvent I 
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-continued 
r 

30 

Into a 100 mL three neck round bottom flask equipped ited good flexibility and a T of 258" C. as determined by 
with a mechanical stirrer, nitrogen gas inlet and drying tube DSC at a heating rate of 20f C./min. Unoriented thin film 
filled with calcium sulfate was placed [2,5-bis(3- tensile properties at room temperature were: 21.9 ksi 
aminoPhenoxY)PhenYlldiPhenYlPhO~Phine oxide (4,4'- strength, 630 ksi modulus, and 31% elongation at break. For 
mpo, 2.0119 g 0.0041 mol) and N,N-&ethYlacetmide 35 a film thickness of 0.9 mil, the thermal emissivity (E) was 

carboxylic dianhydride (1.2019 g, 0.0041 mol) was added as 
a slurry in 5.0 mL DMAc and rinsed in with additional 
DMAc (5.0 mL) to give a solution with a concentration of 
19.59% solids. The light orange solution was stirred over- 40 
night at room temperature under a nitrogen atmosphere. A 
0.5% (wh) solution in DMAc exhibited an inherent viscos- 
ity of 1.00 d u g  at 25" C. The solution was centriguged and 
cast on plate glass in a low humidity chamber. The film on 
plate glass was placed in a forced air oven for 1 hour each 45 
at 100, 200, and 300" C. The transparent light amber film 
was subsequently removed from the glass. The film exhib- 

( D w ,  4.0 mL). Once dissolved, 373'9494'-biPhenYl tetra- 0.533 and the solar absorptance (a) was 0.153. The ratio 4/E 
was 0,287, 

Example 36 

Preparation of Polyimide from 44'- 
peduoroisopropylidiene dianhydride and [2,5-bis 

(4-aminophenoxy)phenyl]diphenylphosphine oxide 
Using 1:l Stoichiometry 
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---azo 1 

30 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was Placed [2,5-bis(3- 
aminophenoxy)phenyl]diPhenYlPhosPhine oxide (434'- 
APPO, 1.7277 g, 0.0035 mol) and N,N-dimethylacetamide 35 tion at break. For a 
( D M A C ,  3.0 m L ) .  O n c e  d i s s o l v e d ,  4 ,4 ' -  
perfluoroisopropylidiene dianhydride (1.5584 g, 0.0035 
mol) was added as a slurry in 5.0 mL DMAc and rinsed in 
with additional DMAc (6.0 mL) to give a solution with a 
concentration of 19.95% solids. The light orange solution 40 
was stirred overnight at room temperature under a nitrogen 
atmosphere. A 0.5% (wh) solution in DMAc exhibited an 
inherent viscosity of 0.65 d u g  at 25" C. The solution was 
centriguged and cast on plate glass in a low humidity 
chamber. The f l m  on plate glass was placed in a forced air 45 

oven for 1 hour each at 100, 200, and 300" C. The traos- 
parent light amber film was subsequently removed from the 

glass. The film exhibited good flexibility and a Tg of 257" C. 
as determined by DSC at a heating rate of 20" C./min. 
Unoriented thin film tensile properties at room temperature 
were: 19.6 h i  strength, 570 ksi modulus, and 10% elonga- 

of 1,3 mil, the thermal 
emissivity (e) was 0.606 and the solar absorptance (a) was 
0'145' The ratio a'E was 0'239' 

Example 37 

Preparation of Polyimide from 4,4'-oxydiphthalic 
anhydride and [2,5-bls(4-aminophenoxy)phenyl] 

diphenylphosphine oxide Using 1:l Stoichiometry 

23" c., NZ 
Polar apmtic solvent 
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Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 

236" C. as determined by DSC at a heating rate of 20" 
C./min. Unoriented thin film tensile urouerties at room 

DMA; and rinsed in with additional DMAc (5.0 &L) to give 
a solution with a concentration of 19.53% solids. The light 
orange solution was stirred overnight at room temperature 40 
under a nitrogen atmosphere. A 0.5% (w/v) solution in 
DMAc exhibited an inherent viscosity of 0.80 dLig at 25" C. 
The solution was centriguged and cast on plate glass in a low 
humidity chamber. The film on plate glass was placed in a 
forced air oven for 1 hour each at 100,200, and 300" C. The 45 

transparent light amber film was subsequently removed from 
the glass. The film exhibited good flexibility and a T, of 

Example 38 

Preparation of Polyimide from 4,4'- 
benzophenenonetetracarboxylic dianhydride and [2, 
5-bis(4-aminophenoxy)henyl]diphenylphosp hine 

oxide Using 1:l Stoichiometry 
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30 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying filled 
with calcium sulfate was placed [2J-bls(3-amino~henox~) 
PhenYlldiPhenYlPhosPhine oxide (4,4'-Mpo, 2.1134 g, 
0.0043 and N,NdimethY1acetmide 
Once dissolved, 4,4'-benzophenone tetracarboxylic diady-  
dride (1.3827 g, 0.0043 mol) was added as a slurry in 5.0 mL 
DMAc and rinsed in with additional DMAc (5.0 mL) to give 
a solution with a concentration of 19.83% solids. The light 
orange solution was stirred overnight at rmm temperature 40 
under a nitrogen atmosphere. A 0.5% (w/v) solution in 
DMAc exhibited an inherent viscosity of 1.18 d u g  at 25" C. 
The solution was centrifuged and cast on plate glass in a low 
humidity chamber. The lilm on plate glass was placed in a 
forced air oven for 1 hour each at 100,200, and 300" C. The 
transparent light amber film was subsequently removed from 

the glass. The film exhibited good flexibility and a Tg of 
248O C. as determined by DSC at a heating rate of 20" 
C./min. Unoriented thin film tensile properties at room 
temperature were: 19.4 ksi strength, 563 ksi modulus, and 

5.0 mL). 35 9% elongation at break. For a film thickness of 1.3 mil, the 
thermal emissivity (E) was 0.591 and the solar abmrptmce 
(a) was 0.200, ne ratio de was 0.~38. 

Example 39 

Preparation of Polyimide Gom Pyromellitic 
Dianhydride and [2,5-bis(4 aminophenoxy)phenyl] 
diphenylphosphine oxide Using 1:l Stoichiometry 

23" C., N2 
Polar apmtic solvent 1 
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continued 

I under a nitrogen atmosphere. A 0.5% (w/v) solution in CF3 
DMAc exhibited an inherent viscosity of 0.78 d u g  at 25" C. 
The solution was centriguged and cast on plate glass in a low 

55 

94 

mucsol 
NmO" C. 

Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 
filled with calcium sulfate was placed [2,5-bis(3- 
aminophenoxy)phenyl]diphenylphosphine oxide (4,4'- trifluoromethylpheny1)diphenylphosphine oxide 
APPO, 2.2136 g, 0.0045 mol) and N,N-dimethylacetamide 
(DMAc, 4.0 mL). Once dissolved, pyromellitic dianhydride 
(0.9803 g, 0.0045 mol) was added as a slurry in 5.0 mL 
DMAc and rinsed in with additional DMAc (5.0 mL) to give 
a solution with a concentration of 19.50% solids. The light 
orange solution was stirred overnight at room temperature 

Example 40 

Preparation of Polyimide kom 4,4'-oxydiphthalic 
anhydride and (2,6diamino-4- 

Using 1:l Stoichiometry 

40 

I 
50 
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Into a 100 mL three neck round bottom flask equipped Into a 100 mL three neck round bottom flask equipped with 
with a mechanical stirrer, nitrogen gas inlet and drying tube a mechanical stirrer, nitrogen gas inlet, and drying tube filled 
Elled with calcium sulfate was placed (2,6diamino-4- with calcium sulfate was placed 1,4-bis(4-aminophenoxy) 
trifluoromethylpheny1)diphenylphosphine oxide (1.6385 g, b e n z e n e  ( 0 . 4 8  3 1 g , 0 .OO 1 7  mo 1) , 4,4 ' - (  2 , 5  - 
0.0045 mol), 4,4'-oxydiphthalic anhydride (1.3507 g, 0.0044 diphenylphosphineoxidepheny1enedioxy)diphthalic anhy- 
mol), and mcresol (12.0 mL) to give a solution with a dride (0.9956 g, 0.0017 mol), and 6 mL of DMAc to give a 
concentration of 19.41% solids. The orange solution was solution with a concentration of 20% solids. The resulting 
stirred for -24 hours at -200" C. A 0.5% (wh) solution of clear solution was stirred overnight at room temperature 
the polyimide in DMAc exhibited an inherent viscosity of under a nitrogen atmosphere. A 0.5% (w/v) solution in 
0.14 dL/g at 2.5" C. The Tg was 295" c. as determined by DbfAc exhibited an inherent vkcosity of 0.64 d u g  at 25" C. 
DSC at a heating rate of 20" C./min on a powdered sample. The remaining Polymer solution was cast upon a clean glass 

plate, which was dried to a tack free state in a low humidity 
Example 41 chamber. The 6lm was placed in a forced air oven for 30 

15 minutes each at 50, 100, and 150" C. and one hour each at 
Preparation of Polyimide from 4,4'-(25- 200, 250, and 300" C. The transparent yellow film was 

diphenylphosphineoxidepheny1enedioxy)diphthalic subsequently removed from the glass. The film exhibited 
anhydride and 1,4-b1~(4-aminophenoxy)benzene good flexibility and a T, of 220" C. a s  determined by DSC 

Using 1:l  Stoichiometry at a heating rate of 20" C./min. 

-0. 

.O- 
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Example 42 a solution with a concentration of 20% solids. The resulting 
clear solution was stirred overnight at room temperature 
under a nitrogen atmosphere. A 0.5% (wiv) solution in 
DMAc exhibited an inherent viscosity of 0.49 d u g  at 25O C. 

Preparation of Polyimide from 4,4-(23- 
diphenylphosphineoxidepheny1enedioxy)diphthalic 

anhydride and 1,3-bi~4-aminouhenox~~benzene . .  -, 
Using 1:l Stoichiometry The remaining polymer solution was cast upon a clean glass 

polar aprotic solvent 

N2 1 

0 

60 
Into a 100 three neck round bottom flask equipped with 
a mechanical stirrer, nitrogen gas inlet, and drying tube filled 

benzene  g, 0.0035 
diphenylphosphineoxidepheny1enedioxy)diphthalic anhy- 
dride (2.0909 g, 0.0035 mol), and 12.5 mL of DMAc to give 

plate, which was dried to a tack free state in a low humidity 
chamber. The tilrn was placed in a forced air Oven for 30 
minutes each at 50, 100, and 150' C. and one hour each at 

4 9 4 ' - ( 2 7 5 -  65 subsequently removed from the glass. The film exhibited 
good flexibility and a T~ of 2070 c. as determined by DSC 
at a heating rate of 20" C./min. 

with was placed 13-bis(4-aminophenoxy) 175, 200, 250, and 3000 (7. The tramparent yellow film was 
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Example 43 

Preparation of Polyimide from 4,4'-(25- 
diphenylphosphineoxidepheny1enedioxy)diphthalic 

anhydride and 1,3-bis(3-aminophenoxy)benzene 
Using 1:l Stoichiometry 

vacuum oven (1.94 g, 90% yield). AOS% (w/v) solution in 
DMAc exhibited an inherent viscosity of 0.53 d u g  at 25" C. 
The remaining solid was used to cast a film from a 20% 
solids solution in DMAc on to plate glass. The film was 
dried overnight in a low humidity chamber and then was 
heated in a forced air oven for one hour each at 50,100,150, 

mcresol 
2000 c 

t 
0 

Into a 100 rnL three neck round bottom flask equipped with 
a mechanical stirrer, nitrogen gas inlet, and condenser was 
placed 1,3-bis(3-aminophenoxy)benzene (0.7294 g, 0.0025 
mol), 4,4'-(2,5-diphenylphosphineoxidephenylenedioxy) 
diphthalic anhydride (1.5033 g, 0.0025 mol), and 8.5 mL of 
m-cresol. The mixture was heated to 190" C. with an oil bath 
to give a solution with a concentration of 20% solids. The 
reaction was stirrer at 190" C. under nitrogen for 14 hours. 
The reaction was cooled and 10 mL of DMAc was added to 
dilute the viscous yellow solution, and the resulting mixture 
was precipitated into methanol. The white fibrous solid was 
collected, stirred in 300 mL of refluxing methanol twice, and 
stirred in 300 mL of refluxing water for 30 minutes. The 
solid was collected and dried for 2 hours at 150" C. in a 

35 
175, and 200" C. The transparent colorless film was subse- 
quently removed from the glass. The film exhibited good 
flexibility and a T, of 182" C. as determined by DSC at a 
heating rate of 20" C h i n .  

40 

Example 44 

45 Preparation of Polyimide from 4,4'-(2,5- 
diphenylphosphineoxidepheny1enedioxy)diphthalic 

anhydride and [2,4-bis(3-aminophenoxy)phenyl] 
diphenylphosphine oxide Using 1:l Stoichiometry 

O b  0 

+ 

H 2 N ~ - o - ~ - ~ - ~ N H 2  0 4  I'Ph 

Ph 

-HzO 
m-cresol 
200" c. 

7 
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Into a 100 mL three neck round bottom flask equipped with 20 solution of 2.13 g polymer in 9 mL of DMAc was cast onto 
a mechanical stirrer, nitrogen gas inlet, and condenser was plate glass. ne film was dried in a low humidity 

o x i d e  ( 1 . 3 1 4 8  g ,  0 . 0 0 2 7  m o l ) ,  4 , 4 ' - ( 2 , s -  
hour each at 50, 100, 150, 175, 200 and 220" C. The diphenylphosphineoxidepheny1enedioxy)diphthalic anhy- 

mixture was heated to 2000 c. with an oil bath to give a the glass. The film exhibited good flexibility and a T, of 
solution with a concentration of 22% solids. The reaction 203" C. as determined by DSC at a heating rate of 20" 
was stirrer at 200" C. under nitrogen for 14 hours. The C./min. 
reaction was cooled and 10 mL of DMAc was added to 3o 
dilute the viscous yellow solution, and the resulting mixture 
was precipitated into methanol. The white fibrous solid was 
collected, stirred in 400 mL of refluxing methanol twice, and 
stirred in 500 mL of refluxing water for an hour. The solid 
was taken up in 13 mL of DMAc and the resulting solution 35 
was precipitated into water. The white fibrous precipitate 
was collected and dried for 6 hours at 125" C. in a vacuum 
oven (2.63 g, 94% yield). A 0.5% (wi.) solution in DMAc 
exhibited an inherent viscosity of 0.55 dL/g at 25' C. A 

placed ~ 2 ~ 4 ~ b i s ~ 3 ~ a m i n o ~ h e n o x ~ ~ h e n ~ 1 ~ d i ~ h e n ~ 1 ~ h o s ~ h ~ e  chamber and then was heated in a forced air oven for one 

dride (1.6080 g, 0.0027 mol), and 10 mL of m-cresol. f i e  25 transparent colorless was removed from 

Example 45 

Preparation of a poly(amide acid) Solution and 
Polyimide Film from [2,4-bis(3-aminophenoxy) 

phenyl]-diphenylphosphine oxide and 
Oxydiphthalic Dianhydride Endcapped with 

Phthalic Anhydride with a Calculated Molecular 
Weight of 20,000 gramdmole 
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Into a 100 mL three neck round bottom flask equipped 15 mils thick onto plate glass using a doctor blade and 
with a mechanical stirrer, nitrogen gas inlet and drying tube allowed to dry to a tack-bee state in a dust free chamber. The 
filled with calcium sulfate was [2,4-bis(3-aminophenoxy) 15 film on Plate glass W a s  stage dried in a forced air Oven for 
phenyl]diphenylphosp~ne oxide (3.0697 g, 6.232gx10-3 1 hour each at 100,200 and 250" C. The brittle yellow film 

exhibited a Tg of 196" C. mole) and N,N-dimethylacetamide (10.0 g). The diamine 
dissolved within a few minutes and oxydiphthalic dianhy- 
dride powder (1.8608 g, 5 .9984~10-~  mole) was added 20 

followed by phthalic anhydride (0.0695 g, 4 .6888~10-~  
mole) along with additional N,N-dimethylacetamide (10 g) 
to give a solution with a concentration of 20% solids 
weightbeight. The light yellow solution was stirred over- 25 
night at room temperature under a nitrogen atmosphere. A 
0.5% solution in N,Ndimethylacetamide exhibited an inher- 
ent viscosity of 0.39 dL/g at 25" C. A thin film was cast at 

Example 46 

Preparation of a poly(amide acid) Solution and a 
Polyimide Film from [2,4-bis(3-aminophenoxy) 

phenyl]-diphenylphosphine oxide and 
Oxydiphthalic Dianhydride Endcapped with 

Phenylethynylphthalic Anhydride with an Estimated 
Molecular Weight of 5,OOO gramsimole 

30 

35 

45 

50 

55 

60 

65 
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Into a 100 mL three neck round bottom flask equipped 
with a mechanical stirrer, nitrogen gas inlet and drying tube 

-continued 

filled y)phenyl]diphenylphosphine with calcium sulfate was oxide [2,4-bls(3-aminophenox- (2.9894 g, 6.0698~10-~  &o+-(=-o-& 

8 
(y-0 

Q--&JQ- , 

0-i-0 

@-Q ; 

mole) and N,N-dimethylacetamide (7.0 8). The diamine 5 

dissolved within a few minutes and oxydiphthalic dianhy- 
dride powder (1.6148 g, 5.2053~10-~ mole) was added 
followed by phenylethynylphthalic anhydride (0.4292 g, 
1 .7289~10-~  mole) along with additional N,N-dimethylac- 
etamide (6.74 g) to give a solution with a concentration of lo 
30% solids weightheight. The light yellow solution was 
stirred overnight at room temperature under a nitrogen 
atmosphere. A 0.5% solution in N,N-dimethylacetamide 
exhibited an inherent viscosity of 0.21 d u g  at 25" C. A thin 
film was cast at 15 mils thick onto plate glass using a doctor l5 
blade. The film on plate glass was stage dried in a forced air 
oven for 1 hour each at 100,200,300 and 371" C. The brittle 
dark film exhibited a T, 190" C. 

copolyimides with a unique combination of properties that 
make these materials particularly useful for a variety of 

diamines and dianhydrides that are subsequently used to 
prepare polyimides and copolyimides that exhibit low color, 25 
low solar absorptivity, high optical transparency, atomic 
oxygen resistance, W V  and UV resistance, solubility in 
organic solvents in the imide form, high T2,  and high 
thermal stability. This combination of properties in aromatic 
polyimides or copolyimides is unprecedented. 

xJr&o-p and 
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The invention described herein produces polyimides and 2o 

applications on spacecraft. It pertains to the synthesis of CF3 

CF3 

30 
We claim 
1. Poly(amide acid)s comprising the general structural 

formula: CF3 

35 wherein Ar' is selected from the group consisting of 

O f  

wherein Ar is a member selected from the group consisting 

45 

Ph' 
55 wherein Ph is phenyl, and wherein the number average 

molecular weight approximately ranges from 700 g/mole to 
100,OOO g/mole. 

2. The poly(amide acid)s of claim 1, wherein said poly 
(amide acid)s are endcapped with a member selected from 

6o 9 group consisting of an optionally substituted monofunc- 
hooal amine and an optionally substituted monofunctional 
anhydride compound. 

* * * * *  


